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SECTION SF 30 BLOCK 14 CONTINUATION PAGE
A. Thisamendment two (0002) provides for the following changes:
(1) Revisionsto Drawing Sheets 39, 40, 61, 62 and 79 by notation in the Special Clauses-00800.

(2) Revision to Specification Section 13112, Paragraph 2.2.1; Specification Section 15060, Paragraph 2.2.6.4;
and Specification Section 16415, Paragraph 2.4.

B. The proposal submittal time and date remains August 18, 2003 at 2:00 p.m. LOCAL TIME.

C. Theattached revised sections are to be replaced in their entirety. Specifications changes are generally identified,
for convenience, either by strikeout for deletions, and double underlining of text for additions or asingle dark linein
theright hand margin. All portions of the revised or new pages shall apply whether or not changes have been
indicated.

D. NOTICE TO OFFERORS: Offerors must acknowledge receipt of this amendment by number and date on offer.
Please mark outside of envelope in which your offer is enclosed to show amendment received.

Encl:

Rev: 00800

Rev: 13112

Rev: 15060

Rev: 16415

Rev: Drawings by Notation.
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SPECIAL CLAUSES

SC-1. COMMENCEMENT, PROSECUTION, AND COMPLETION OF WORK (APR 1984) (FAR
52.211-10).

The Contractor will be required to (a) commence work under this Contract within 10 calendar days
after the date the Contractor receives the notice to proceed, (b) to prosecute the work diligently, and (c) to
complete the entire work ready for use within 720 calendar days after notice to proceed. The time stated
for completion shall include final cleanup of the premises.

SC-1.1 OPTION FOR INCREASED QUANTITY

a. The Government may increase the quantity of work awarded by exercising one or more of the
Optional Bid Item(s) 0003 through 0006 at any time, or not at all, but no later than 240 calendar days
after receipt by Contractor of notice to proceed. Notice to proceed on work Item(s) added by exercise of
the option(s) will be given upon execution of consent of surety.

b. The parties hereto further agree that any option herein shall be considered to have been exercised at
the time the Government deposits written notification to the Contractor in the mails.

c. The time allowed for completion of any optional items awarded under this contract will be the same
as that for the base item(s), and will be measured from the date of receipt of the notice to proceed for the
base item(s).

SC-2. LIQUIDATED DAMAGES - CONSTRUCTION (SEP 2000) (FAR 52.211-12)

(a) If the Contractor fails to complete the work within the time specified in the Contract, or any
extension, the Contractor shall pay to the Government as liquidated damages, the sum of $3,923.00 for
each day of delay until the work is completed or accepted.

(b) If the Government terminates the Contractor's right to proceed, the resulting damages will continue
to accrue until the work is completed. These liquidated damages are in addition to excess cost of
repurchase under the Termination clause of the CONTRACT CLAUSES.

SC-3. TIME EXTENSIONS (Sept 2000) (FAR 52.211-13): Time extensions for contract changes will
depend upon the extent, if any, by which the changes cause delay in the completion of the various
elements of construction. The change order granting the time extension may provide that the Contract
completion date will be extended only for those specific elements related to the changed work and that the
remaining contract completion dates for all other portions of the work will not be altered. The change
order also may provide an equitable readjustment of liquidated damages under the new completion
schedule.

SC-4 DELETED.
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SC-5. INSURANCE - WORK ON A GOVERNMENT INSTALLATION (JAN 1997) (FAR
52.228-5)

(a) The Contractor shall, at its own expense, provide and maintain during the entire performance
period of this Contract at least the kinds and minimum amounts of insurance required in the Insurance
Liability Schedule or elsewhere in the Contract.

(b) Before commencing work under this Contract, the Contractor shall certify to the Contracting
Officer in writing that the required insurance has been obtained. The policies evidencing required
insurance shall contain an endorsement to the effect that any cancellation or any material change
adversely affecting the Government's interest shall not be effective:

(1) for such period as the laws of the State in which this Contract is to be performed prescribe;
or

(2) until 30 days after the insurer or the Contractor gives written notice to the Contracting
Officer, whichever period is longer.

(c) The Contractor shall insert the substance of this clause, including this paragraph (c), in
subcontracts under this Contract that require work on a Government installation and shall require
subcontractors to provide and maintain the insurance required in the Schedule or elsewhere in the
Contract. The Contractor shall maintain a copy of all subcontractors' proofs of required insurance, and
shall make copies available to the Contracting Officer upon request.

SC-5.1 REQUIRED INSURANCE IN ACCORDANCE WITH FAR 28.307-2:

(1) Workers' compensation and employer's liability. Contractors are required to comply with
applicable Federal and State workers' compensation and occupational disease statutes. If occupational
diseases are not compensable under those statutes, they shall be covered under the employer's liability
section of the insurance policy, except when Contract operations are so commingled with a Contractor's
commercial operation that it would not be practical to require this coverage. Employer's liability
coverage of at least $100,000 shall be required, except in states with exclusive or monopolistic funds that
do not permit workers' compensation to be written by private carriers.

(2) General Liability.

(a) The Contracting Officer shall require bodily injury liability insurance coverage written on
the comprehensive form of policy of at least $500,000 per occurrence.

(b) Property damage liability insurance shall be required only in special circumstances as
determined by the agency.

(3) Automobile liability. The Contracting Officer shall require automobile liability insurance
written on the comprehensive form of policy. The policy shall provide for bodily injury and property
damage liability covering the operation of all automobiles used in connection with performing the
Contract. Policies covering automobiles operated in the United States shall provide coverage of at least
$200,000 per person and $500,000 per occurrence for bodily injury and $20,000 per occurrence for
property damage. The amount of liability coverage on other policies shall be commensurate with any
legal requirements of the locality and sufficient to meet normal and customary claims.

DACA67-03-R-0219 00800-2 R0002
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(4) Aircraft public and passenger liability. When aircraft are used in connection with
performing the Contract, the Contracting Officer shall require aircraft public and passenger liability
insurance. Coverage shall be at least $200,000 per person and $500,000 per occurrence for bodily injury,
other than passenger liability, and $200,000 per occurrence for property damage. Coverage for passenger
liability bodily injury shall be at least $200,000 multiplied by the number of seats or passengers,
whichever is greater.

(5) Environmental Liability If this contract includes the transport, treatment, storage, or
disposal of hazardous material waste the following coverage is required.

The Contractor shall ensure the transporter and disposal facility have liability insurance if effect for
claims arising out of the death or bodily injury and property damage from hazardous material/waste
transport, treatment, storage and disposal, including vehicle liability and legal defense costs in the amount
of $1,000,000.00 as evidenced by a certificate of insurance for General, Automobile, and Environmental
Liability Coverage. Proof of this insurance shall be provided to the Contracting Officer.

SC-6 DELETED.

SC-7. PERFORMANCE OF WORK BY THE CONTRACTOR (APR 1984) (FAR 52.236-1): The
Contractor shall perform on the site, and with its own organization, work equivalent to at least fifteen
percent (15%) of the total amount of work to be performed under the Contract. The percentage may be
reduced by a supplemental agreement to this Contract if, during performing the work, the Contractor
requests a reduction and the Contracting Officer determines that the reduction would be to the advantage
of the Government.

SC-8. PHYSICAL DATA (APR 1984) (FAR 52.236-4): Data and information furnished or referred to
below is for the Contractor's information. The Government will not be responsible for any interpretation
of or conclusion drawn from the data or information by the Contractor.

(a) Physical Conditions: The indications of physical conditions on the drawings and in the
specifications are the result of site investigations by test holes shown on the drawings.

(b) Weather Conditions: Each bidder shall be satisfied before submitting his bid as to the hazards
likely to arise from weather conditions. Complete weather records and reports may be obtained from any
National Weather Service Office.

(c) Transportation Facilities: Each bidder, before submitting his bid, shall make an investigation of
the conditions of existing public and private roads and of clearances, restrictions, bridge load limits, and
other limitations affecting transportation and ingress and egress at the jobsite. The unavailability of
transportation facilities or limitations thereon shall not become a basis for claims for damages or
extension of time for completion of the work.

SC-9 DELETED.

SC-10. LAYOUT OF WORK (APR 1984) (FAR 52.236-17): The Contractor shall lay out its work
from Government-established base lines and bench marks indicated on the drawings, and shall be
responsible for all measurements in connection with the layout. The Contractor shall furnish, at its own
expense, all stakes, templates, platforms, equipment, tools, materials, and labor required to lay out any
part of the work. The Contractor shall be responsible for executing the work to the lines and grades that
may be established or indicated by the Contracting Officer. The Contractor shall also be responsible for
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maintaining and preserving all stakes and other marks established by the Contracting Officer until
authorized to remove them. If such marks are destroyed by the Contractor or through its negligence
before their removal is authorized, the Contracting Officer may replace them and deduct the expense of
the replacement from any amounts due, or to become due, to the Contractor.

SC-11. RESERVED
SC-12. AIRFIELD SAFETY PRECAUTIONS
(a) Definitions: As used in this clause --

(1) "Landing Areas" means:

(i) the primary surfaces which are comprised of the surface of the runways, the runway
shoulders, and the lateral safety zones (the length of each primary surface is the same as the runway
length; the width of each primary surface is 610 meters (2,000 feet), 305 meters (1,000 feet) on each side
of the runway centerline; (see footnote at end of clause)).

(ii) the "clear zone" beyond the ends of each runway, i.e., the extension of the "primary
surface" for a distance of 305 meters (1,000 feet) beyond each end of each runway;

(ii1) all taxiways plus the lateral clearance zones along each side for the length of the taxiways
(the outer edge of each lateral clearance zone is laterally 76 meters (250 feet) from the far or opposite
edge of the taxiway, i.e., a 23 meters (75-foot)-wide taxiway would have a combined width of taxiway
and lateral clearance zones of 130 meters (425 feet); and

(iv) all aircraft parking aprons plus the area 38 meters (125 feet) in width extending beyond
each edge all around the aprons.

(2) "Safety precaution areas" means those portions of approach-departure clearance zones and
transitional zones where placement of objects incident to Contract performance might result in vertical
projections at or above the approach-departure clearance surface or the transitional surface.

(i) The "approach-departure clearance surface" is an extension of the primary surface and the
clear zone at each end of each runway, for a distance of 15,240 meters (50,000 feet), first along an
inclined (glide angle) and then along a horizontal plane, both flaring symmetrically about the runway
centerline extended.

(a) The inclined plane (glide angle) begins in the clear zone 61 meters (200 feet) past the end of
the runway (and primary surface) at the same elevation as the end of the runway, and continues upward at
a slope of 50:1 (.3048 meter (one foot) vertically for each 15.24 meters (50 feet) horizontally) to an
elevation of 152 meters (500 feet) above the established airfield elevation; at that point the plane becomes
horizontal, continuing at that same uniform elevation to a point 15,240 meters (50,000 feet) longitudinally
from the beginning of the inclined plane (glide angle) and ending there.

(b) The width of the surface at the beginning of the inclined plane (glide angle) is the same as

the width of the clear zone; thence it flares uniformly, reaching the maximum width of 4,877 meters
(16,000 feet) at the end.
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(ii)) The "approach-departure clearance zone" is the ground area under the approach-departure
clearance surface.

(iii)) The "transitional surface" is a sideways extension of all primary surfaces, clear zones,
and approach-departure clearance surfaces along inclined planes.

(a) The inclined plane in each case begins at the edge of the surface.

(b) The slope of the inclined plane is 7:1 (.3048 meter (one foot) vertically for each
2.13 meters (7 feet) horizontally), and it continues to the point of intersection with

(1) Inner horizontal surface (which is the horizontal plane 46 meters (150 feet) above the
established airfield elevation) or

(2) Outer horizontal surface (which is the horizontal plane 152 meters (500 feet) above the
established airfield elevation), whichever is applicable.

(iv) The "transitional zone" is the ground area under the transitional surface. (It adjoins the
primary surface, clear zone and approach-departure clearance zone.)

(b) General
(1) The Contractor shall comply with the requirements of this clause while
(i) Operating all ground equipment (mobile or station art);
(i1) Placing all materials; and
(ii1) Performing all work, upon and around all airfields.

(a) The requirements of this clause are in addition to any other safety requirements of this
contract.

(c) The Contractor shall--
(1) Report to the Contracting Officer before initiating any work;
(2) Notify the Contracting Officer of proposed changes to locations and operations;

(3) Not permit either its equipment or personnel to use any runway for purposes other than
aircraft operation without permission of the Contracting Officer, unless the runway is--

(i) Closed by order of the Contracting Officer, and
(i1) Marked as provided in paragraph (d)(2) of this clause;

(4) Keep all paved surfaces such as runways, taxiways, and hardstands, clean at all times and,
specifically, free from small stones which might damage aircraft propellers or jet aircraft;

DACA67-03-R-0219 00800-5 R0002
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(5) Operate mobile equipment according to the safety provisions of this clause, while actually
performing work on the airfield. At all other times, the Contractor shall remove all mobile equipment to
locations--

(i) Approved by the Contracting Officer,

(i) At a distance of at least 229 meters (750 feet) from the runway centerline, plus any
additional distance; and

(iii) Necessary to ensure compliance with the other provisions of this clause; and

(6) Not open a trench unless material is on hand and ready for placing in the trench. As soon as
practicable after material has been placed and work approved, the Contractor shall backfill and compact
trenches as required by the contract. Meanwhile, all hazardous conditions shall be marked and lighted in
accordance with the other provisions of this clause.

(e) Landing Areas
The Contractor shall--

(1) Place nothing upon the landing areas without the authorization of the Contracting Officer.

(2) Outline those landing areas hazardous to aircraft, using (unless otherwise authorized by the
Contracting Officer) red flags by day, and electric, battery-operated low-intensity red flasher lights by
night;

(3) Obtain, at an airfield where flying is controlled, additional permission from the control
tower operator every time before entering any landing area, unless the landing area is marked as
hazardous in accordance with paragraph (d)(2) of this clause;

(4) Identify all vehicles it operates in landing areas by means of a flag on a staff attached to,
and flying above, the vehicle. The flag shall be .9144 meters (3 feet) square, and consist of a checkered
pattern of international orange and white squares of .3048 meter (1 foot) on each side (except that the flag

may vary up to 10 percent from each of these dimensions);

(5) Mark all other equipment and materials in the landing areas, using the same marking
devices as in paragraph (d)(2) of this clause; and

(6) Perform work so as to leave that portion of the landing area which is available to aircraft
free from hazards, holes, piles of material, and projecting shoulders that might damage an airplane tire.

(e) Safety Precaution Areas
The Contractor shall--

(1) Place nothing upon the safety precaution areas without authorization of the Contracting
Officer;
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(2) Mark all equipment and materials in safety precaution areas, using (unless otherwise
authorized by the Contracting Officer) red flags by day, and electric, battery-operated, low-intensity red
flasher lights by night; and

(3) Provide all objects placed in safety precaution areas with a red light or red lantern at night,
if the objects project above the approach-departure clearance surface or above the transitional surface.

SC-13 DELETED.

SC-14. EQUIPMENT OWNERSHIP AND OPERATING EXPENSE SCHEDULE (MAR 1995)-
(EFARS 52.231-5000)

(a) This clause does not apply to terminations. See 52.249-5000, Basis for Settlement of Proposals and
FAR Part 49.

(b) Allowable cost for construction and marine plant and equipment in sound workable condition
owned or controlled and furnished by a contractor or subcontractor at any tier shall be based on actual
cost data for each piece of equipment or groups of similar serial and series for which the Government can
determine both ownership and operating costs from the contractor's accounting records. When both
ownership and operating costs cannot be determined for any piece of equipment or groups of similar
serial or series equipment from the contractor's accounting records, costs for that equipment shall be
based upon the applicable provisions of EP 1110-1-8, Construction Equipment Ownership and Operating
Expense Schedule, Region VIII. Working conditions shall be considered to be average for determining
equipment rates using the schedule unless specified otherwise by the contracting officer. For equipment
not included in the schedule, rates for comparable pieces of equipment may be used or a rate may be
developed using the formula provided in the schedule. For forward pricing, the schedule in effect at the
time of negotiations shall apply. For retroactive pricing, the schedule in effect at the time the work was
performed shall apply.

(c) Equipment rental costs are allowable, subject to the provisions of FAR 31.105(d)(ii) and FAR
31.205-36. Rates for equipment rented from an organization under common control, lease-purchase
arrangements, and sale-leaseback arrangements, will be determined using the schedule, except that actual
rates will be used for equipment leased from an organization under common control that has an
established practice of leasing the same or similar equipment to unaffiliated lessees.

(d) When actual equipment costs are proposed and the total amount of the pricing action exceeds the
small purchase threshold, the contracting officer shall request the contractor to submit either certified cost
or pricing data, or partial/limited data, as appropriate. The data shall be submitted on Standard Form
1411, Contract Pricing Proposal Cover Sheet.

(e) Copies of EP1110-1-8 “Construction Equipment Ownership and Operating Expense Schedule”
Volumes 1 through 12 are available in Portable Document Format (PDF) and can be viewed or
downloaded at http://www.usace.army.mil/inet/usace-docs/eng-pamplets/cecw.htm. A CD-ROM
containing (Volumes 1-12) is available through either the Superintendent of Documents or Government
bookstores. For additional information telephone 202-512-2250, or access on the Internet at
http://www.access.gpo.gov/su_docs.
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SC-15. PAYMENT FOR MATERIALS DELIVERED OFF-SITE (MAR 1995)-(EFARS 52.232-
5000)

(a) Pursuant to FAR clause 52.232-5, Payments Under Fixed Priced Construction Contracts, materials
delivered to the contractor at locations other than the site of the work may be taken into consideration in
making payments if included in payment estimates and if all the conditions of the General Provisions are
fulfilled. Payment for items delivered to locations other than the work site will be limited to:

(1) materials required by the technical provisions; or (2) materials that have been fabricated to the point
where they are identifiable to an item of work required under this contract.

(b) Such payment will be made only after receipt of paid or receipted invoices or invoices with
canceled check showing title to the items in the prime contractor and including the value of material and
labor incorporated into the item. In addition to petroleum products, payment for materials delivered off-
site is limited to the following items: Any other construction material stored offsite may be considered in
determining the amount of a progress payment.

SC-16 AND SC-17 DELETED.

SC-18. CONTRACT DRAWINGS AND SPECIFICATIONS (AUG 2000)(DOD FAR SUPP 252.236-
7001)

(a) The Government will provide to the Contractor, without charge, one set of contract drawings and
specifications, except publications incorporated into the technical provisions by reference, in electronic or
paper media as chosen by the Contracting Officer.

(b) The Contractor shall--

(1) Check all drawings furnished immediately upon receipt;
(2) Compare all drawings and verify the figures before laying out the work;

(3) Promptly notify the Contracting Officer of any discrepancies;

(4) Be responsible for any errors which might have been avoided by complying with this
paragraph (b); and

(5) Reproduce and print contract drawings and specifications as needed.
(c) In general—
(1) Large scale drawings shall govern small scale drawings; and

(2) The Contractor shall follow figures marked on drawings in preference to scale
measurements.

(d) Omissions from the drawings or specifications or the misdescription of details of work which are
manifestly necessary to carry out the intent of the drawings and specifications, or that are customarily
performed, shall not relieve the Contractor from performing such omitted or misdescribed details of the
work. The Contractor shall perform such details as if fully and correctly set forth and described in the
drawings and specifications.
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(e) The work shall conform to the specifications and the contract drawings identified in the index of
drawings attached at the end of the Special Clauses.

SC-19 THROUGH SC-21 DELETED.

SC-22. EPA ENERGY STAR: The Government requires that certain equipment be Energy Star
compliant. Initially, the sole Energy Star requirement shall be the self certification by the bidder that the
specified equipment is Energy Star compliant. Within 3 months of the availability of an EPA sanctioned
test for Energy Star compliance, the Contractor shall submit all equipment upgrades and additions for
testing and provide proof of compliance to the Government upon completion of testing. Testing shall be
at the Contractor’s expense.

SC-23. RECOVERED MATERIALS: The Corps of Engineers encourages all bidders to utilize
recovered materials to the maximum extent practicable. The attached APPENDIX R contains
procurement guidelines for products containing recovered materials.
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APPENDIX R

PART 247 - COMPREHENSIVE PROCUREMENT GUIDELINE FOR PRODUCTS CONTAINING
RECOVERED MATERIALS

40 CFR Ch. 1 (9-1-99 Edition)
Subpart B-Item Designations
§ 247.10 Paper and paper products.
Paper and paper products, excluding building and construction paper grades.
§ 247.11 Vehicular products.

(a) Lubricating oils containing re-refined oil, including engine lubricating oils, hydraulic fluids, and gear
oils, excluding marine and aviation oils.

(b) Tires, excluding airplane tire

(e) Reclaimed engine coolants, excluding coolants used in non-vehicular applications.

247.12  Construction products.

(a) Building insulation product including the following items:

(1) Loose-fill insulation, including but not limited to cellulose fiber, mineral fibers (fiberglass and rock
vermiculite, and perlite;

(2) Blanket and batt insulation, including but not limited to mineral fibers (fiberglass and rock wool).

(3) Board (sheathing, roof decking wall panel) insulation, including but not limited to structural
fiberboard and laminated paperboard products perlite composite board, polyurethane,
polyisocyanurate, polystyrene, phenolics, and composites; and

(4) Spray-in-place insulation, including but not limited to foam-in-place polyurethane and
polyisocyanurate and spray-on cellulose.

(b) Structural fiberboard and laminated paperboard products for applications other than building
insulation, including building board, sheathing shingle backer, sound deadening board, roof
insulating board, insulating wallboard, acoustical and non-acoustical ceiling tile, acoustical and non-
acoustical lay-in panels, floor underlayments, and roof overlay (cover board).

(c) Cement and concrete, including concrete products such as pipe and block, containing coal fly as
ground granulated blast furnace (GGBF) slag.
(d) Carpet made of polyester fiber use in low- and medium-wear applications.
(e) Floor tiles and patio block containing recovered rubber or plastic.
(f) Shower and restroom dividers/partitions containing recovered plastic or steel.
(g) (1) Consolidated latex paint used for covering graffiti; and
(2) Reprocessed latex paint used for interior and exterior architectural applications such as wallboard,
ceilings, and trim; gutter boards; and concrete, stucco, masonry, wood and metal surfaces.

§247.13 Transportation products.
P p
(a) Traffic barricades and traffic cones used in controlling or restricting vehicular traffic.
(b) Parking stops made from concrete or containing recovered plastic or rubber.

(¢) Channelizers containing recovered plastic or rubber.
(d) Delineators containing recovered plastic, rubber, or steel.
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(e) Flexible delineators containing recovered plastic.
§ 247.14 Park and recreation products

(a) Playground surfaces and running tracks containing recovered rubber or plastic.
(b) Plastic fencing containing recovered plastic for use in controlling snow or sand drifting and as a
warning/safety barrier in construction or other applications.

247.15 Landscaping products.

(a) Hydraulic mulch products containing recovered paper or recovered wood used for hydroseeding and
as an over-spray for straw mulch in landscaping, erosion control, and soil reclamation.

(b) Compost made from yard trimmings, leaves, and/or grass clippings for use in landscaping, seeding
of grass or other plants on roadsides and embankments, as a nutritious mulch under trees and shrubs, and
in erosion control and soil reclamation.

(c) Garden and soaker hoses containing recovered plastic or rubber.

(d) Lawn and garden edging containing recovered plastic or rubber.

§ 247.16 Non-paper office product.

(a) Office recycling containers and office waste receptacles.
(b) Plastic desktop accessories.

(c) Toner cartridges.

(d) Binders.

(e) Plastic trash bags.

(f) Printer ribbons.

(g) Plastic envelopes.

§ 247.17 Miscellaneous products.

Pallets containing recovered wood, plastic, or paperboard.
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OPS Building (E Series Drawings)
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REVISIONS TO DRAWINGS BY NOTATION

Drawing Sheets 39 and 40: To Note 3, add additional text: “Over every existing panel where a crack is
repaired, the subsequent PCC overlay panel shall be reinforced with welded wire fabric, WWF 6 x 6 -
W2.0 x W2.0, as indicated on the PCC overlay details. Assume 30 reinforced panels for basis of bid."

Drawing Sheets 61 and 62: In Details 6 and 7, show the width of the expansion joints to be ¥4”.

Drawing, Sheet 79: Change “Station 33+6.75” to “Station 33+9.75.”
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STANDARD DETAILS BOUND IN THE SPECIFICATIONS

DRAWING SHEET DATE
NUMBER NUMBER TITLE

SECTION 01501 - CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS

1&2 U.S. Air Force Project Construction Sign 84JUN20
1 Hard Hat Sign 10SEP90

END OF SECTION

DACA67-03-R-0219 00800-20

R0002



Hydrant Fueling Ph | & Il1< Portland Air National Guard Base 03035

SECTI ON 13112

CATHODI C PROTECTI ON SYSTEM (| MPRESSED CURRENT)

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM
ASTM A 53/ A 53M (2001) Pipe, Steel, Black and Hot-D pped,
Zi nc- Coat ed Wl ded and Seaml ess
ASTM D 1248 (1998) Pol yet hyl ene Pl astics Ml ding and

Extrusion Materials

NACE | NTERNATI ONAL ( NACE)

NACE RP0169 (1996) Control of External Corrosion on
Under ground or Subnerged Metallic Piping
Syst ens

NACE RP0572 (1995) Design, Installation, Operation,
and Mai ntenance of |npressed Current Deep
G oundbeds

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA TC 2 (1998) El ectrical Polyvinyl Chloride (PVQ
Tubi ng (EPT) and Conduit (EPC 40 and
EPC- 80)

NEMA WC 5 (1992; Rev 2 1996) Thernopl astic-Insul at ed

Wre and Cable for the Transm ssion and
Distribution of Electrical Energy

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)
NFPA 70 (2002) National Electrical Code

UNDERWRI TERS LABORATORI ES (UL)

UL 467 (1993; Rev thru Apr 1999) G oundi ng and
Bondi ng Equi pnent

UL 506 (1994; R Cct 1997) Specialty Transformers

UL 510 (1994; Rev thru Apr 1998) Pol yvi nyl

Chl ori de, Polyethyl ene, and Rubber
I nsul ati ng Tape
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UL 514A (1996; Rev Dec 1999) Metallic Qutlet Boxes
1.2  SUBM TTALS

CGovernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the subnmittal for the Governnent. The follow ng shall be
subm tted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Drawi ngs; G AE

SD- 03 Product Data
M scel | aneous Materials; G AE
Equi pnent; G AE
Spare Parts

SD- 06 Test Reports
Tests and Measurenents; G AO

Test reports in booklet formtabulating field tests and

measur enents perfornmed, upon conpletion and testing of the
installed systemand icasing and interference tests, final system
test verifying protection, insulated joint and bond tests, . Each
test report shall indicate the final position of controls. A
certified test report showi ng that the connecting method has
passed a 120-day | aboratory test without failure at the place of
connection, wherein the anode is subjected to naxi mumrecomended

current output while immersed in a 3 percent sodiumchloride
sol uti on.

SD-07 Certificates

Cat hodi ¢ Protection System

Proof that the materials and equi pnent furnished under this
section conformto the specified requirenents contained in the
ref erenced standards or publications. The label or listing by the
specified agency will be acceptable evidence of such conpliance.
Services of "Corrosion Expert"

Evi dence of qualifications of the "corrosion expert".

(a) The "corrosion expert's" nane and qualifications shall be
certified in witing to the Contracting Officer prior to the start
of construction.

(b) Certification shall be subnmitted giving the name of the
firm the nunmber of years of experience, and a list of not |ess

than five (5) of the firmis installations three (3) or nore years
old that have been tested and found satisfactory.
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1

SD-10 Operation and Mai ntenance Data

Cat hodi ¢ Protection System

Six copies of operating nanual outlining the step-by-step
procedures required for system startup, operation, adjustnent of
current flow, and shutdown. The manuals shall include the
manuf acturer's nanme, nodel nunber, service manual, parts list, and
brief description of all equipnment and their basic operating
features. Six copies of nmmintenance manual listing routine
mai nt enance procedures, recomrendation for mai ntenance testing,
possi bl e breakdowns and repairs, and troubl eshooting gui des. The
manual s shall include single line diagrans for the system as
installed; instructions in making pipe- to-reference cel
potential neasurenents and frequency of nonitoring; instructions
for dielectric connections, interference and sacrificial anode
bonds; instructions shall include precautions to ensure safe
conditions during repair of pipe system

Trai ni ng Cour se

The proposed Trai ning Course Curriculum (including topics and
dates of discussion) indicating that all of the itens contained in
t he operating and mai nt enance instructions, as well as
denonstrations of routine naintenance operations, including
testing procedures included in the maintenance instructions, are
to be covered.

3 GENERAL REQUI REMENTS

A conpl ete, operating inpressed current cathodic protection systemin
accordance with NFPA 70, the applicable federal, state and | oca

regul ati ons, and the requirenents of this contract shall be provided. In
addition to the mnimumrequirenents of these specifications, . The system
shal | include planning, inspecting the installation, adjusting and testing

cathodic protection and test systemusing rectifiers and inpressed current
anodes, supplenented with sacrificial anodes as needed, for utilities and
equi prrent shown. The cathodic protection systemshall also include cables,
connectors, splices, corrosion protection test stations, ace power panels,
and any ot her equi pnent required for a conplete operating system providing
the specified protection. The cathodic protection systemshall include (a)
calculations for rectifier, anodes, and any reconmendati ons for

suppl enenting or changing the mnimumdesign criteria to provide the
specified potentials and (b) equiprment, wiring, and wiring devices
necessary to produce a continuous flow of direct current from anodes in the
soil electrolyte to the pipe surfaces. The installation shall neet the
specified protection criteria for a 25 year life.

.3.1 Contractor's Modifications

The specified systemis based on an inpressed current system. The
Contractor may nodify the cathodic protection systemafter review of the
project, site verification and analysis if the proposed nodifications
include the inpressed current anodes and rectifiers and will provide better
overal |l system performance. The nodifications shall be fully described,
shal | be approved by the Contracting O ficer and shall mneet the follow ng
criteria. The proposed system shall achieve a m ni mum pi pe-to-soi

"Instant OFf" potential of minus 850 millivolts with reference to a
saturated copper-copper sulfate reference cell on the underground netallic
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conmponents of the piping . The Contractor shall take resistivity
nmeasurenments of the soil in the vicinity of the pipes and ground bed sites;
based upon the neasurenents taken, the current and voltage of the rectifier
shal |l be adjusted as required to produce a mnimumof mnus 850 mllivolts
"Instant OFf" potential between the structure being tested and the
reference cell. This potential shall be obtained over 95 percent of the
netallic area without the "Instant O f" potential exceeding 1200 millivolts.

1.3.2 | sol ators

Isolators are required to isolate the indicated pipes fromany other
structure. Isolators shall be provided with lightning protection and a
test station as shown.

1.3.3 Anodes and Bond Wres

Anodes shall be installed in sufficient nunber and of the required type,
size and spacing to obtain a uniformcurrent distribution of 2.5

m | lianperes per square foot mnimmto underground netal surfaces. For
each cathodic protection system the metallic conponents and structures to
be protected shall be made electrically continuous. This shall be
acconpl i shed by installing bond wires between the various structures.
Bondi ng of existing buried structures may al so be required to precl ude
detrinmental stray current effects and safety hazards. Provisions shall be
included to return stray current to its source w thout damagi ng structures
intercepting the stray current. The electrical isolation of underground
facilities in accordance with acceptable industry practice shall be

i ncluded under this section.

1.3.3 Services of "Corrosion Expert"

The Contractor shall obtain the services of a "corrosion expert" to
supervi se, inspect, and test the installation and perfornmance of the
cathodic protection system "Corrosion expert" refers to a person, who, by
reason of thorough know edge of the physical sciences and the principles of
engi neering and mat hemati cs, acquired by professional education and rel ated
practical experience, is qualified to engage in the practice of corrosion
control of buried nmetallic piping and tank systens. Such a person nust be
accredited or certified by the National Association of Corrosion Engi neers
(NACE) as a NACE Accredited Corrosion Specialist or a NACE certified

Cat hodic Protection (CP) Specialist or be a registered professiona

engi neer who has certification or licensing that includes education and
experience in corrosion control of buried or subnerged netallic piping and
tank systems, if such certification or licensing includes 5 years
experience in corrosion control on underground nmetallic surfaces of the
type under this contract. The "corrosion expert" shall supervise
installation and testing of all cathodic protection.

1.4 DRAW NGS

Si x copies of detail draw ngs consisting of a conplete list of equipnent
and material including manufacturer's descriptive and technical literature,
catalog cuts, results of system design cal cul ations including soi
resistivity, installation instructions and certified test data stating the
maxi mum r ecormended anode current output density and the rate of gaseous
production, if any, at that current density. Detail draw ngs shall contain
complete wiring and schematic di agrams and any other details required to
denonstrate that the system has been coordinated and will function properly
as a unit.
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1.5 EQUI PVENT

Wthin 30 days after receipt of notice to proceed, an item zed |ist of

equi pnrent and materials including itemnunber, quantity, and nmanufacturer
of each item The list shall be acconpani ed by a description of procedures
for each type of testing and adjustment, including testing of coating for
thi ckness and holidays. Installation of materials and equi pment shall not
commrence until this submittal is approved.

1.6 SPARE PARTS
Spare parts data for each different itemof material and equi pnent
specified, after approval of detail drawi ngs and not later than 2 nonths
prior to the date of beneficial occupancy. The data shall include a
conplete list of parts, special tools, and supplies, with current unit

prices and source of supply. One spare anode of each type shall be
f ur ni shed.

PART 2 PRODUCTS
2.1 | MPRESSED CURRENT ANODES
2.1.1 Bare High Silicon Cast-Iron Anodes

Cast-iron anodes shall be of the size indicated and shall conformto the
foll owi ng requirenents:

2.1.1.1 Chemi cal Composition (Nominal)

Percent by Wi ght

El enent G ade 2
Silicon 14. 20-14. 75
Manganese 1.50 Max.
Car bon 0.75-1.15
Chrom um 3.25-5.00

I ron Bal ance

2.1.1.2 El ectrical Resistivity
Seventy-two m crohmcentineter at 20 degrees F

2.1.1.3 Physi cal Properties (Nom nal)

Tensile strength 15, 000 ps

Conpressive strength 100, 000 ps

Brinell hardness 520

Density 7.0 grans per cubic centineter
Mel ting point 2300 degrees F

Coef ficient of 0. 00000733 centi neter
expansi on from 32 per degree F

to 212 degrees F
2.1.2 Cani st er Contai ned Anodes
Cani ster contai ned anodes shall be packed at the factory in sheet neta

canisters with cal cined petrol eum coke breeze. The coke shall have a
resistivity of 0.1 ohmcmtested at 150 psi. The coke shall be 70
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| bs/cubic foot or greater. The maxi num particle size shall be 0.039 inches
and the coke shall be dust-free. The canisters shall be capped with tight
fitting end caps secured to the body of the canister. The canister shal
provide a m ni mum annul ar space of 3 inches all around the anode. The
connecting cable shall pass through a hole in an end cap designed to be
tight fitting with the cable and protected fromsharp edges with a plastic
or rubber grommet. The anodes shall be centered in the canisters and the
annul ar space filled with coke breeze conpacted in pl ace.

2.1.3 Anode Connecting Cabl es
Anodes shal |l have connecting cables installed at the factory.
2.1.4 M xed Metal Oxi de Anodes

M xed netal oxi de anodes shall be of the size indicated and shall conform
to the follow ng requirenents.

2.1.4.1 Conductive Materia

The electrically conductive coating shall contain a m xture consisting
primarily of iridium tantalum and titanium oxides. The average
conposition is generally a 50/50 atomic percent m xture of iridiumand
titani umoxides, with a small anmobunt of tantalum The resistivity, as
tested by the manufacturer, shall be no nore than 0.002 ohmcentineter, and
the bond strength shall be greater than 7.25 ksi to guarantee the current
capacity life and the quality of the conductive ceramc coating. The
adhesi on or bond strength shall be determ ned by epoxy bonding a 0.1 inch
dianeter stud to the ceram c coating and neasuring the load to failure
(about 10.15 ksi) of either the epoxy or the interface between the coating
and the substrate. The anode nust be inert and the electrically conductive
ceranmic coating dinmensionally stable. The ceram c coated anode shall be
capabl e of sustaining a current density of 100 anpere per 10.764 square feet
in an oxygen generating electrolyte at 150 degrees F for 20 years, to
ensure the current capacity life. An accelerated current capacity life
test shall be perforned by the manufacturer on every |ot of anode wire used
to construct the anode as described. The mixed netal oxide coating shal
be applied to the wire anode by a firmthat is regularly engaged in and has
a mnimmb5 years experience in manufacturing and applying m xed neta
oxi de coatings to titanium anode substrates. The m xed netal oxide nust be
sintered to the titaniumsurface as to remain tightly bound to the surface
when bent 180 degrees onto itself.

2.1.4.2 Anode Life Test

The anode wire material shall sustain current densities of 100 anpere per
10. 764 square feet in an oxygen generating electrolyte for 20 years. The
manuf acturer shall certify that a representative sanple taken fromthe sane
| ot used to construct the anode, has been tested and neets the foll ow ng
criteria. The test cell sustains a current density of 10,000 anpere per
10. 764 square feet in a 15 weight percent sulfuric acid electrolyte at 150
degrees F without an increase in anode to cathode potential of nore than 1
volt. The cell containing the anode shall be powered with a constant
current power supply for the 30 day test period. The representative sanple
shall be 5 inch in length taken fromthe lot of wire that is to be used for
t he anode.

2.1.4.3 Cani ster Contai ned M xed Metal Oxi de Anodes
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Cani ster contai ned m xed netal oxide anodes shall be packed at the factory
in light weight, |light gauge steel uni-body TIG wel ded canisters with

cal ci nated petrol eum coke breeze. The canisters shall be capped with TIG
wel ded steel and caps providing a totally encapsul ated construction. The
connecting cable shall pass through a hole in an end cap designed to be
tight fitting with a heavy duty strain relief allowi ng for handling of the
cani ster by the cable. The anode shall be centered in the canister by
centralizers to maintain rod position.

2.1.4.4 Anode Connecting Cabl es

Anodes shal |l have connecting cables installed at the factory. The
connecti on between the anode rod or ribbon and the lead wire shall be made
with a solid crinp couple with solder. The connection shall be sealed in
cast epoxy.

2.1.4.5 Cani ster Connection Cabl es

Cani ster connecting cables shall consist of an ultra | ow resistance sol der
connection which is a mninmumof three times stronger than the cable. For
cerani c coated cani ster anodes, the cable connection shall consist of two
nol ded dielectric |ayers (pressure seals), a flexible backfill resin
encapsul ant stabilizer, a schedule 40 PVC pi pe Type 1 seal, and Type 1 PVC
pi pe end plugs. The seals and end plugs shall resist chlorine gas and acid.

2.1.4.6 Deep Anode Connection Cabl es

For deep anode beds, each anode | ocated in the borehol e shall be
acconpani ed by a reel of continuous cable having the length indicated. For
deep cerani c coated anode beds, anode connecting cabl es shall have nol ded
mul ti seal sol der connections; splices will not be permitted. Chlorine gas
resistant cable and shield shall be used for chlorine environnents.

2.2 RECTI FI ERS AND ASSCCI ATED EQUI PMENT
2.2.1 Rectifier Unit

Rectifier unit shall consist of a transformer, rectifying el ements,
transforner tap adjuster, term nal block, one dc output voltmeter, one dc
out put ameter, one toggle switch for each neter, fuse holders with fuses
for each dc circuit, variable resistors, an ac power-supply circuit

breaker, lightning arresters for both input and output, all wired and
assenbl ed in a weat herproof cabinet. The overall efficiency of the
rectifier shall be not |ess than 65 percent when operated at nanepl ate
rating and shall be capabl e of supplying continuous full rated output at an
anbi ent tenperature of 112 degrees F in full sunlight with expected life in
excess of 10 years. Rectifier output shall be 80 VCDC, 18A

2.2.1.1 Tr ansf or mer
Transformer shall conformto UL 506.

2.2.1.2 Rectifiers
Rectifying elenments shall be silicon diodes connected to provide full-wave
rectification. Silicon diodes shall be protected by sel enium surge cells

or varistors against over-voltage surges and by current-limting devices
agai nst over-current surges.
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2.2.1.3 Meters

Meters shall be accurate to within plus or mnus 2 percent of full scale at
80 degrees F, and shall possess tenperature stability above and bel ow 80

degrees F and shall possess tenperature stability above and bel ow 80

degrees F of at least 1 percent per 10 degrees F. Separate neters shall be
2-1/2 inch nom nal size or |arger.

2.2.1. 4 Circuit Breaker

A single -pole, flush-mounted, fully nagnetic, properly rated non-ternina
type circuit breaker shall be installed in the primary circuit of the
rectifier supply transfornmer.

2.2.1.5 Fuses

Cartridge-type fuses with suitable fuse holders shall be provided in each
leg of the dc circuit.

2.2.2 Cabi net Construction

Cabi net shall be constructed of not lighter than No. 16 gauge steel , and
shal |l be provided with a full door. The enclosure shall have oil-resistant
gasket. The door shall be hinged and have a hasp that will permt the use
of a padl ock. The cabinet shall be fitted with screened openi ngs of the
proper size to provide for adequate cooling. Holes, conduit knockouts, or
t hreaded hubs of sufficient size and nunber shall be conveniently |ocated.

2.2.2.1 Wring D agram

A conpl ete wiring diagramof the power unit showi ng both the ac supply and
the dc connections to anodes shall be on the inside of the cabinet door.
Al'l conponents shall be shown and | abel ed.

2.2.2.2 Groundi ng Provi sions

Groundi ng provisions shall conmply with NFPA 70 and UL 467 including a

ground terminal in the cabinet. The grounding conductor fromthe ternina

to the earth grounding systemshall be solid or stranded copper not smaller

than No. 6 AWG. The earth groundi ng system shall consist of one or nore

ground rods. Ground rods shall be of copper-clad steel conformng to UL 467
not less than 5/8 inch in dianeter by 8 feet in length. Rods shall be

driven full length into the earth. Sectional type rods nmay be used.

2.2.2.3 Cabi net Paint System

The cabi net and nounting support shall be painted with the manufacturer's
standard painting system

2.2.3 Wring

Wring shall be installed in accordance with NFPA 70 utilizing type TWor
RHW or pol yethyl ene insulation. Fittings for conduit and cabl e work shal
conformto UL 514A. CQutlets shall be of the threaded hub type with
gasketed covers. Conduit shall be hub type with gasketed covers. Conduit
shal |l be securely fastened at 8 foot intervals or less. Splices shall be
made in outlet fittings only. Conductors shall be col or coded for
identification. Cable for anode header and distribution shall be No. 6 AWG
stranded copper wire with type cathodic protection high nolecul ar wei ght
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pol yet hyl ene i nsul ati on.
2.3 COKE BREEZE
2.3.1 Cal ci ned Petrol eum Coke Breeze (Dry)

Breeze shall conformto the follow ng requirenents:
2.3.1.1 El ectrical Resistivity

Resistivity shall not exceed 1 mlliohmneter (0.1 ohmcm Geat Lake
Carbon C 12 A Test Method.

2.3.1.2 Ceneral Backfill Specifications

Bul k Density - 65 to 75 | bs/cubic foot
Fi xed Carbon - 99.0% or greater

Vol atiles - 0.2%or |ess

Sizing - 100% 1 ess than 1/2 inch

2.4 M SCELLANEQUS NMATERI ALS
2.4.1 El ectrical Wre
2.4.1.1 Anode Connecting Wre

Anode connecting wire shall be No. 8 AWG stranded copper wire with type CP
hi gh nol ecul ar wei ght pol yethyl ene insulation, 7/64 inch thick, 600 volt
rating, in accordance with NEMA WC 5. Cabl e-t0-anode contact resistance
shal | be 0.003 ohns maxi num Deep anode ground bed connecting wire shall
be No. 8 AWG stranded copper wire with an inner jacket of 40 nmils of Halar
i nsul ati on covered by an outer jacket of 65 mls CP high nol ecul ar wei ght
pol yet hyl ene insul ation, 600 volt rating, in accordance with NEMA WC 5.

Cabl e-t 0- anode contact resistance shall be 0.02 ohns maxi mum

2.4.1.2 Anode Header Cable
Cabl e for anode header and distribution shall be No. 6 AW stranded copper
wire with type CP high nol ecul ar wei ght pol yet hyl ene, 7/ 64 inch thick
insulation , 600-volt rating, in accordance with NEVA WC 5.

2.4.1.3 Test Wres

Test wires shall be No. 12 AWG stranded copper wire with NFPA 70 Type TWor
RHW or pol yet hyl ene insul ati on.

2.4.2 Deep Anode Ground Bed Casing
Casing shall be 10 inch outside dianeter, 1/8 inch m ninumwall thickness
bl ack steel pipe, conformng to ASTM A 53/ A 53M Type E or S, Gade B. The
nmetal casing shall extend no nore than 5 feet below the top of a well cap.
2.4.3 Anode Centering Device for Deep Anode G ound Beds
Anode centering device shall be nonnetallic and capabl e of maintaining
centering in the hole without interfering with other anode | ead wring,

until coke breeze is packed in place.

2.4. 4 Condui t
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Nonnmetal lic conduit shall conformto NEVMA TC 2
2.4.5 Pol yet hyl ene I nsul ation

Pol yet hyl ene insul ation shall conply with the requirenents of ASTM D 1248
and of the follow ng types, classes, and grades:

2.4.5.1 H gh Ml ecul ar Wei ght Pol yet hyl ene
Hi gh nol ecul ar wei ght pol yethylene shall be Type I, Cass C, G ade E5.
2.4.6 Test Stations

Test stations shall be conplete with an insul ated term nal bl ock having the
i ndi cated nunber of terminals and shall be provided with a | ockabl e cover
and have a cast-in legend, "C.P. Test". Test stations shall be conplete
with an insulated term nal block having the required nunber of terninals.
(One terminal required for each conductor). Sufficient test stations to
noni t or underground isol ation points shall be provided. Test-bond stations
(potential measurement and stray current control) shall be provided to
nonitor pipe to soil potential of proposed underground pipes or existing
underground netallic structures which may conduct stray current fromthe
new cat hodi c protection system The |ocation of the test-bond stations
shal |l ensure that the pipe to soil potential of netallic pipe not
designated to be protected is not made | ess negative by the energization of
the cathodic protection system Test station term nal connections and the
term nal conductor shall be permanently tagged to identify each term nation
of the conductors (e.g. identify the conductors connected to the protected
structures). Conductors shall be permanently identified in the station by
nmeans of plastic or netal tags, or plastic sleeves to indicate term nation.
Each conductor shall be color coded in accordance with the drawi ngs. The
station test facility, including permanent Cu-Cu S04 reference cells and
test returns shall be installed as indicated. Pavenent inserts shall be
nonnmetal i c and shall allow Cu-Cu S04 reference el ectrode to contact the

el ectrol yte beneath the pavenent surface. Abbreviations shall not be used.
Wl di ng of electrical connections shall be as follows: Exothermc welds
shal | be "CADwel d*, "Therno-weld", or approved equal. Use and selection of
these materials and wel di ng equi pment shall be in accordance with the

manuf acturer's recomendati ons.

2.4.7 Sealing and Di el ectric Conpound
Sealing and dielectric conpound shall be a black, rubber based conpound
that is soft, permanently pliable, tacky, noldable, and unbacked. Conpound
shal | be applied as recommended by the manufacturer, but not |less than 1/8
i nch thick.

2.4.8 Pref ormed Sheat hs

Preformed sheaths for encapsulating electrical wire splices to be buried
underground shall fit the insulated wires entering the spliced joint.

2.4.9 Epoxy Potting Conpound

Epoxy potting conpound for encapsulating electrical wire splices to be
buri ed underground shall be a two package system nade for the purpose.

2.4.10 Backfill Shields
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Backfill shields shall consist of approved pipeline wapping or fiberglass
reinforced, coal-tar inpregnated tape, or plastic weld caps, specifically
made for the purpose.

2.4.11 El ectrical Tape
Pressure-sensitive vinyl plastic electrical tape shall conformto UL 510.
2.4.12 Cabl e Marker Tape

Traceabl e marker tape shall be manufactured for the purpose and clearly
| abel ed "Cathodic Protection Cable Buried Bel ow'.

2.4.13 Electrically Isolating Pipe Joints

El ectrically isolating pipe joints shall be of a type that is in regular
factory production. And shall be as specified under the Mechani cal Sections
of these specifications.2.5 LEAD W RE CONNECTI ONS

Lead wire to structure connections shall be by exotherm c wel di ng process.
Wel d charges made specifically for use on cast iron shall be used on cast
iron pipe. A backfill shield filled with a pipeline mastic seal ant or
material conpatible with the coating shall be placed over the weld
connection and shall cover the exposed nmetal adequately.

PART 3 EXECUTI ON
3.1 CRI TERI A OF PROTECTI ON

Acceptance criteria for determ ning the adequacy of protection on a buried
pi pe shall be in accordance with NACE RP0169, and as specified bel ow

3.1.1 Iron and Stee

The foll owing nethod a. shall be used for testing cathodic protection
voltages. |If more than one method is required, method b. shall be used:

a. A negative voltage of at least minus 850 mllivolts as neasured
bet ween the pi pe and a saturated copper-copper sul phate reference
el ectrode contacting the (electrolyte) earth directly over the
pipe . Determi nation of this voltage shall be made with the
cathodic protection systemin operation. Voltage drops shall be
considered for valid interpretation of this voltage nmeasurenent.
A mnimum of mnus 850 mllivolts "instant of f" potential between
the pipe being tested and the reference cell shall be achieved
over 95 percent of the area of the structure. Adequate nunber of
measur enents shall be obtained over the entire structure, pipe,
tank, or other netallic conmponent to verify and record achi evenent
of minus 850 millivolts "instant off". This potential shall be
obt ai ned over 95 percent of the total netallic area w thout the
"instant off" potential exceeding 1200 millivolts.

b. A mininumpolarization voltage shift of 100 millivolts as neasured
bet ween the pi pe and a saturated copper-copper sul phate reference
el ectrode contacting the earth directly over the pipe . This
pol ari zation voltage shift shall be determ ned by interrupting the
protective current and neasuring the polarization decay. Wen the
protective current is interrupted, an i nmedi ate voltage shift will
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occur. The voltage reading, after the i mediate shift, shall be
used as the base reading fromwhich to neasure pol ari zati on decay.
Measurenments achieving 100 nmillivolts shall be nade over 95
percent of the netallic surface.
3.1.2  Alum num
3.2  GROUND BED | NSTALLATI ON
3.2.1 Shal | ow Ground Beds
3.2.1.1 Cabl e Protection
Positive cable to the ground bed and negative cable to the pipe to be
protected shall be buried a m nimum depth of 30 inches except where above
ground construction utilizing conduit is used.
3.2.2 Deep Anode Ground Beds
Deep anode ground beds shall consist of an installation of anodes supported
one above the other and supported in place by a nethod that does not
suspend the anodes fromthe connecting cable. Deep anode ground beds shal
be installed in accordance with NACE RP0572 and as specified in these
speci fications.
3.2.2.1 Anode Centering
Anodes shall be centered in the well by neans of centering devices.
3.2.2.2 Casi ng
The casing shall be to a depth and el evati on of not nore than 10 feet.

3.2.2.3 Anode Requirenents

Anode sizes, spacing, nunber of anodes, depth of well, and other details
shal | be as shown.

3.2.2. 4 Anode Lead Wre

Each anode shall have a separate, continuous wire extending fromthe anode
to the junction box at the well head.

3.2.2.5 Anode Cabl es
Anode cabl es shall termnate in a nearby junction box, equipped wth
i ndi vi dual anode current shunts. Were full length casing is used, two
Wi re connections fromcasing shall terminate in the junction box.
3.2.2.6 Anode and Cable Installation
If the nmethod of installation utilizes backfill support for anodes and
cable, slack in the cable near each anode shall be provided and the cable
i nsulation shall be increased in thickness from7/64 to 5/32 inch utilizing
an approved conposite of plastic and el astoneric naterial s.
3.2.2.7 Backfi |

The wel |l shall be backfilled with cal ci ned petrol eum coke breeze or
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netal | urgi cal coke breeze surroundi ng the anodes by a nethod that does not

| eave voids or bridging. The recommended nethod is to punp the backfil
fromthe bottomupward. The well shall be over-filled with coke breeze
allowing for settlenent so that the settled level after a nunber of days is
as high as the | evel shown. The nunber of days allowed for settling of the

coke breeze will be determ ned by the Contracting Officer. |If the top
| evel of coke breeze is below the | evel shown after settlenment, additiona
coke breeze shall be put in the well. The backfill used shall not require

tamping. The top portion of the well shall be sealed for 25 feet to
prevent surface water run-off. All vents shall be vented above the high
water mark and at a safe height.

3.3 M SCELLANEQUS | NSTALLATI ON
3.3.1 Rectifier Installation
Mounting shall be as shown.
3.3.2 Wre Connections
3.3.2.1 Wre Splicing
Connecting wire splicing shall be nade with copper conpression connectors
or exothermic welds, follow ng instructions of the manufacturer.
Split-bolt type connectors shall not be used.
3.3.2.2 St eel Surfaces
Connections to ferrous pipe shall be made by exotherm c weld nethods as
manuf actured by an approved manufacturer for the type of pipe . Electric
arc wel ded connections and ot her types of wel ded connections to ferrous
pi pe and structures shall be approved before use.
3.3.3 Pi pe Joints
3.3.3.1 El ectrical Isolation of Structures
El ectrical isolation of structures shall be as foll ows:
a. |Isolating Fittings: |Isolating flanges and couplings shall be
i nstall ed aboveground, or within nanhol es, wherever possible, but
an isolating device that electrically separates a pipeline shal
not be installed in a confined area where a conbusti bl e at nosphere

may coll ect unless precautions are taken to prevent arcing such as
by means of externally |ocated surge arresters, grounding cells,

or other neans. |Isolating flanges and couplings in lines entering
buil di ngs shall be located at |east 12 inches above grade or floor
| evel . Pipelines entering buildings either bel ow or above ground

shall be electrically isolated fromthe structure wall with an
electrically isolating wall sleeve.

3.3.4 Dissimlar Metals

Buried piping of dissinmlar netals including new and old steel piping,
excepting valves, shall be electrically separated by neans of electrically
insulating joints at every place of connection. The insulating joint,

i ncluding the pipes, shall be coated with an underground type dielectric
coating for a mninmumdi stance of 10 dianeters on each side of the joint.
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3.3.5 Casi ng

VWere a pipeline is installed in a casing under a roadway or railway, the
pi peline shall be electrically isolated fromthe casing, and the annul ar
space seal ed agai nst incursion of water

3.3.6 Test Stations

Test stations shall be of the type and | ocation shown and shall be curb box
nounted. Changes in designated | ocation shall have prior approval.

3.4 TESTS AND MEASUREMENTS
3.4.1 Basel i ne Potentials

Each test and neasurenent will be wi tnessed by the Contracting O ficer.
The Contractor shall notify the Contracting O ficer a mninmumof 5 working
days prior to each test. After backfill of the pipe and anodes is

conpl eted, but before the anodes are connected to the pipe , the static
potential -to-soil of the pipe shall be nmeasured. The |ocations of these
nmeasurenents shall be identical to the |ocations specified for pipe-
to-reference el ectrode potential neasurenents.

3.4.2 I sol ati on Testing

Bef ore the anode systemis connected to the pipe , an isolation test shal
be made at each isolating joint or fitting. This test shall dempnstrate
that no netallic contact, or short circuit exists between the two isol ated
sections of the pipe . Any isolating fittings installed and found to be
defective shall be reported to the Contracting O ficer.

3.4.2.1 | nsul ati on Checker

A Model 601 insul ation checker, as manufactured by "Gas El ectronics"

shal |l be used for isolating joint (flange) electrical testing ing
accordance with anufacturer's operating instructions. An isolating joint
that is good will read full scale on the neter; if an isolating joint is
shorted, the meter pointer will be deflected at near zero on the neter
scale. Location of the fault shall be determned fromthe instructions and
the joint shall be repaired. |If an isolating joint is |ocated inside a
vault, the pipe shall be sleeved with insulator when entering and | eaving
the vaul t.

3.4.2.2 Cat hodi ¢ Protection Mter

A Model B3A2 cathodic protection neter, as manufactured by "M C. Mller"
using the continuity check circuit shall be used for isolating joint
(flange) electrical testing. This test shall be perfornmed in addition to
the Model 601 insulation checker. Continuity is checked across the
isolated joint after the test lead wire is shorted together and the meter
adjusted to scale. A full scale deflection indicates the systemis shorted
at sone location. The Model 601 verifies that the particular insulation
under test is good and the Mbdel B3A2 verifies that the systemis isolated.
If the systemis shorted, further testing shall be perfornmed to isolate the
| ocati on of the short.

3.4.3 Anode Qut put

After the rectifier is energized, the current output of the individua
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anode | eads shall be nmeasured by using an approved nethod. This may be
done with a shunt and MWV neter, a |owresistance ameter, or a clanp-on
mlliameter. The total current shall be neasured and conpared to the sum
of all anode currents and to the rectifier output current. [If an

i ndi vi dual anode output current neets or exceeds the recomrended out put for
that anode, the systemshall be turned down or bal ancing resistors
installed. Calculation of the wattage of the resistors shall be sufficient
to handl e the maxi mum | oad which will be encountered on the anode | ead.

Al'l measurenents obtained, the date, tine, and |ocations of all

measur ements shall be recorded.

3.4. 4 El ectrode Potential Measurenents

Upon conpletion of the installation and with the entire cathodic protection
systemin operation, electrode potential measurenents shall be made using a
copper - copper sul phate reference el ectrode and a potentioneter-voltneter,
or a direct current voltneter having an internal resistance (sensitivity)
of not | ess than 10 nmegohns per volt and a full scale of 10 volts. The

| ocati ons of these nmeasurenents shall be identical to the |ocations used
for baseline potentials. The values obtained and the date, tinme, and

| ocations of neasurenments shall be recorded. No |ess than 8 measurenents
shal | be nade over any length of |ine or conponent. Additiona

nmeasurenments shall be nmade at each distribution service riser, with the
reference el ectrode placed directly over the service |ine.

3.4.5 Locati on of Measurenents
3.4.5.1 Coat ed Pi ping or Conduit

For coated piping or conduit, nmeasurenments shall be taken fromthe
reference el ectrode located in contact with the earth, directly over the
pi pe or by means of permanent reference el ectrodes. Connection to the pipe
shal |l be nade at service risers, valves, test |eads, or by other means
suitable for test purposes. Additional neasurenents shall be nade at each
distribution service riser, with the reference el ectrode placed directly
over the service line adjacent to the riser. Potentials shall be plotted
versus distance to an approved scale. Locations where potentials do not
nmeet or exceed the criteria shall be identified and reported to the
Contracting Oficer.

3.4.6 Casing Tests

Before final acceptance of the installation, the electrical separation of
carrier pipe fromcasings shall be tested and any short circuits corrected.

3.4.7 Interference Testing

Before final acceptance of the installation, interference tests shall be
made with respect to any foreign pipes in cooperation with the owner of the
foreign pipes . A full report of the tests giving all details shall be
made.

3.4.8 Recor di ng Measurenents

Al'l pipe- to-soil potential measurenments including initial potentials where
required shall be recorded. The Contractor shall |ocate, correct and
report to Contracting Officer any short circuits to foreign pipes

encount ered during checkout of the installed cathodic protection system

Pi pe- to-soil potential nmeasurenents are required on as many pipes as
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3.

necessary to determ ne the extent of protection or to locate short-circuits.
5  TRAI NI NG COURSE

The Contractor shall conduct a training course for the operating staff as
designated by the Contracting Oficer. The training period shall consist
of a total of 4 hours of normal working tinme and shall start after the
systemis functionally conpleted but prior to final acceptance tests. The
field instructions shall cover all of the itens contained in the operating
and mai ntenance instructions, as well as denobnstrations of routine

mai nt enance operations, including testing procedures included in the

mai nt enance instructions. At l|least 14 days prior to date of proposed
conduction of the training course, the training course curriculumshall be
submitted for approval, along with the proposed training date. Training
shal | consist of denonstration of test equipnment, providing forns for test
data and the tol erances which indicate that the system works satisfactorily.

-- End of Section --
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SECTI ON 15060

Pl PE, MANUAL VALVES, AND FI TTI NGS, FUELI NG SYSTEM

PART 1 GENERAL

1

1 REFERENCES

Waiver to Use M| Stds and M| Specs in Air Force Fuel Projects,
HQ AFCESA/ CESM ( 01/ 29/ 96.

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI)
ANSI 749.1 (1988) Safety in Wlding and Cutting

AMERI CAN PETROLEUM | NSTI TUTE (API)

APl SPEC 5L (1995) Line Pipe

APl SPEC 6D (1994) Pipeline Valves (Gate, Plug, Ball
and Check Val ves)

APl STD 607 (1993) Fire Test for Soft- Seated
Quarter-Turn Val ves

APl STD 608 (1995) Ball Val ves

APl RP 1110 (1991) Pressure Testing of Liquid

Pet rol eum Pi pel i ne

AVERI CAN SOCI ETY OF MECHANI CAL ENG NEERS ( ASME)

ASME- 16 (1992; Addenda Dec 1992, Dec 1992, Dec
1994) Boiler and Pressure Vessel Code;
Section VIII, Pressure Vessels DIVISION 1

ASME- 17 (1992; Addenda Dec 1992, Dec 1993, Dec

1994) Boiler and Pressure Vessel Code;
Section | X, Welding and Brazing
Procedures, Wl ders, Brazers, and Wl di ng
and Brazing Operators

ASME Bl.1 (1989) Unified Inch Screw Threads (UN and
UNR Thread Form

ASME/ ANSI B 16. 34 Val ves- Fl anged, Threaded and Wl di ng Ends

ASME B16. 5 (1996) Pipe Flanges and Fl anged Fittings

ASME B16. 9 (1993) Factory- Made Wought Stee

Buttwel ding Fittings
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ASME BL16.

ASME B16.

ASME B18.

ASME B18.

ASME B31.

ASME B31.

11

21

2.

2.

2
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(1991) Forged Fittings, Socket-Wl ding and
Thr eaded

(1992) Nonnetallic Flat Gaskets for Pipe
FI anges

(1996) Square and Hex Bolts and Screws
(I'nch Series)

(1987; R 1999) Square and Hex Nuts (Inch
Seri es)

(2001) Power Piping
(1990; B31.3a-1990; Errata; B31.3b-1991)

Chemical Plant and Petrol eum Refinery
Pi pi ng

AVERI CAN SOCI ETY OF TESTI NG AND MATERI ALS (ASTM

ASTM A53

ASTM A105

ASTM Al181

ASTM A182

ASTM A193

ASTM A194

ASTM A234

ASTM A269

ASTM A312

ASTM A358

ASTM A403

(1999;a Rev. B) Pipe, Steel, Black and
Hot - Di pped, Zi nc-Coated Wl ded and Seaml ess

(1996) Forgi ngs, Carbon Steel, for Piping
Conponent s

(1995b) Carbon Steel Forgings, for CGenera
Pur pose Pi pi ng

(1996e) Forged or Rolled Alloy-Steel Pipe
Fl anges, Forged Fittings, and Val ves and
Parts for Hi gh-Tenperature Service

(1996b) Al |l oy-Steel and Stainless Stee
Bolting Materials for H gh-Tenperature
Service

(1996) Carbon and Alloy Steel Nuts for
Bolts for Hi gh-Pressure and
H gh- Tenperature Service

(1996a) Piping Fittings of Wought Carbon
Steel and Alloy Steel for Mderate and
El evat ed Tenper at ures

(1996) Seanl ess and Wl ded Austenitic
Stainless Steel Tubing for General Service

(1991c) Seam ess and Wl ded Austenitic
Stainl ess Steel Pipe

(1995) Electric-Fission-Wlded Austonitic

Chrom um Ni ckel
Alloy Steel Pipe for Hi gh-Tenperature
Servi ce

(1996) Wought Austenitic Stainless Stee
Pi ping Fittings
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ASTM D229 (1991) Rigid Sheet and Plate Materials
Used for Electrical Insulation

ASTM E94 (1991) Radi ographic Testing

ASTM F436 (1993) Hardened Steel Washers

AVERI CAN VEELDI NG SOCI ETY ( AWS)

AW A2. 4 (1998) Standard Synbols for Wl ding,
Brazi ng and Nondestructive Exami nation

AVWS A3.0 (1994) Standard Wl ding Ternms and
Definitions

AWS A5.1 (1991) Carbon Steel Electrodes for

Shi el ded Metal Arc Wl ding

AVWS A5. 4 (1981) Corrosion-Resisting Chroni um and
Chromi um Ni ckel Steel Welding El ectrodes

AWS A5.5 (1981) Low Alloy Steel Covered Arc Wl ding
El ectrodes

FEDERAL SPECI FI CATI ONS ( FS)

FS L- G- 530 (Rev C) Coating, Pipe, Thernoplastic Resin
or Thernosetting Epoxy

FS L-T-1512 (Rev A, Reinst) Tape, Pressure Sensitive
Adhesi ve, Pipe Wapping

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGQ NEERS (| EEE)

| EEE C62. 41 (1991) Surge Voltages in Low Voltage AC
Power Circuits

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MSS)

MBS SP-58 (1993) Pi pe Hangers and
Supports-Materials, Design and Manufacture

MBS SP- 69 (1999) Pi pe Hangers and Supports-Sel ection
and Application

M LI TARY SPECI FI CATI ONS ( MS)

M5 M L- C- 4556 (Rev E) Coating Kit, Epoxy, for Interior
of Steel Fuel Tanks

M5 M L- N-5877 (Rev E) Nozzle, Pressure Fuel Servicing,
Locking, Type D-1, D2, D-2R Nominal 2-1/2
i nch di anmet er

M5 M L-S-13789 (Rev D) Strainers, Sedinent: Pipeline,
Basket Type
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M5 M L- P-24441/ GEN (Rev B; Am 1, Supple 1) Paint,
Epoxy- Pol yani de
M LI TARY STANDARDS (M L- STD)
M L- STD- 161 (Rev F; 1985 Notice 2) ldentification
Met hods Bul k Petrol eum Products System
I ncl udi ng Hydrocarbon M ssile Fuels

M L- STD- 271 (Rev F) Nondestructive Testing Methods

M L- STD- 24484 (Rev J) Adapter, Pressure Fuel Servicing,
Nom nal 2.5 inch dianeter

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)

NFPA 30 (1990) Fl anmabl e and Conbusti bl e Li qui ds
Code

SOCI ETY OF AUTOMOTI VE ENG NEERS ( SAE)
SAE J 514 (1989) Hydraulic Tube Fittings, Standard
STEEL STRUCTURES PAI NTI NG COUNCI L ( SSPC)
SSPC SP 3 (1995) Power Tool C eaning
SSPC SP 5 (1991) White Metal Blast d eaning
1.2 SUBM TTALS
CGovernment approval is required for submittals with a "G' designation. The
followi ng shall be submitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:
SD-01 Preconstruction Submittals
Qualifications of Wl ders
SD- 03 Product Data
Pi pi ng; G AE
Fittings; G AE
Val ves; G AE
Strainers; G AE
Epoxy Coating; G AE
Protective Coatings; G AE
Sanpl e Connections; G AE
I sol ating Gasket Kits; G AE

Gaskets; G AE
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SD- 06 Test Reports
Pneuratic Test
Hydrostatic Test

SD-07 Certificates
Pi pi ng
Fittings
Val ves
Qualified Inspector (factory) (owners)
Pi pe Wl d Radi ograph I nspector's Certification (for field welds)
Surface Preparation (interior)
Epoxy Coating and Application
I sol ati ng Gasket Kits
Epoxy Manufacturer's Representative's certification
Survey of final elevation of buried fuel pipe
Survey giving elevation at each joint, el bow, and tee

SD- 10 Operation and Mi ntenance Data
Qperation and Mai ntenance Manual s; G AO
Qperation and nmai ntenance i nformation shall be submitted for the
equi pnent itens or systens listed below Refer to Section 01701
OPERATI ON AND MAI NTENANCE MANUALS for the information to be
submitted for various type of equipnent and systens.
Manual Val ves
Strainers
Protective Coatings
Sanpl e Connecti ons
I sol ati ng Gasket Kits
Gasket s

PART 2 PRODUCTS
2.1 DESI GN CONDI TI ONS

Desi gn conditions shall be as specified in Section 15050 MECHANI CAL
EQUI PMENT, FUELI NG SYSTEM

2.2 MATERI ALS
2.2.1 Cener al

Pipe and fittings in contact with fuel shall be stainless steelor interior
epoxy coated carbon steel as indicated on the drawings. No zinc coated
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2.

netal s, brass, bronze or other copper bearing alloys shall be used in
contact with the fuel. Al carbon steel and stainless steel underground

pi ping shall have a protective coating and shall be cathodically protected
in accordance with Section 13112 CATHODI C PROTECTI ON SYSTEM (| MPRESSED
CURRENT). ldentification of piping shall be in accordance with M L-STD 161
unl ess specified otherwise. Material for manual valves shall be as
specified hereinafter.

. 2.2 Carbon Steel Piping

Each | ength of pipe shall be subjected to factory hydrostatic testing and
ultrasonic testing in accordance with their respective pipe specification.

a. Piping 12-Inches and Larger: Seanl ess, ASTM A53 Grade B having a
wal | thickness of 0.375-inch.

b. Piping 2 1/2-Inches through 10-1nches: Seanl ess, Schedul e 40 API
SPEC 5L Grade B or ASTM A53 Grade B.

c. Piping Two-Inches and Snaller: Seam ess, Schedule 80 APl SPEC 5L
G ade B or ASTM A53 Grade B.

d. Wl ding Electrodes(Factory Fabrication): E70XX | ow hydrogen
el ectrodes conformng to AWS A5.1 or AWS A5. 5.

.2.2.1 Interior Epoxy Coated Carbon Steel Piping

Interior epoxy coating systemshall be factory applied and in accordance
with M5 ML-C 4556, six to eight mls dry filmthickness. Docunentation of
conditions during application shall be submitted to the Contracting
Oficer. Before applying the epoxy coating, the inside of the pipe shal
be sandbl asted to "white" metal conformng with SSPC SP 5. If the pipe is
not internally epoxy lined i mediately after cleaning, a rust preventative
coating shall be applied. The rust preventative shall be approved by the
epoxy manufacturer. The ends of the pipe shall be nmasked or w ped back a
m ni mum of one inch but not nore than one and one-half inches. After the
top coat has cured, the internal epoxy lining shall be tested electrically
usi ng an approved holi day detector and shall be free of holidays. The ends
of the pipe shall then be capped. The shop doing the application shal
have a m nimum of five years of experience at applying internal epoxy
coating. The application and holiday testing at the shop shall be

avail abl e for inspection at any tinme by the Contractor or Contracting
Oficer. The shop shall notify the Contractor and the Contracting Oficer
at |l east one week before the pipe and fittings will be cleaned and epoxy
coated. The Contractor shall provide a certified technical representative
of the epoxy manufacturer to make at |east three separate inspection trips
with at | east one day in the shop per trip. Each trip report shall be
submitted to the Contracting O ficer.

2.3 Stai nl ess Steel Piping
a. Piping 2 1/2-1nches and Larger:

(1) ASTM A358, Grade 304L, Cass 1 or Class 3 with supplenentary

requi rements of S1, S2 and S3, or ASTM A312 Type 304L, seamnl ess (only).
Any agreements between the purchaser and the manufacturer or supplier
as referenced in the applicable ASTM shall include the Contracting
Oficer as a party to the agreenment. Al piping welds will receive 100
percent radi ographic inspection, 100 percent |iquid penetrant
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i nspection, 100 percent visual inspection and all tests as required by
t he applicabl e ASTM Standard. Piping shall be provided with a nom na
wal | thickness as shown in Table A for ASTM A358 with the deviation
fromthe nom nal wall thickness |ess than 0.01-inch. ASTM A312

seam ess piping shall be provided with a m ni mum schedul e 10S wal

t hi ckness.

(2) Pipe Ends: Al Piping shall be provided with bevel ed ends per
Chapter V, ASME B31.3, and shall be shipped with the ends capped.

(3) Seamand End Wl ds: Al sections of the piping provided shall be
accepted on the project site if the seam wel ds neet the requirenents of
t he paragraph K341 of ASME B31.3 and Appendi x 4 of ASME-16. One
hundred spots may be reinspected at the project site prior to
installation and backfilling at the request of the Contracting Oficers
Representative. End welds shall be properly aligned prior to welding
per Chapter V of the ASME B31.3. Wl ds found to be defective shall be
repaired as per Chapter V of the ASME B31.3 at no additional cost to

t he governnment. GObservation by the Contracting Oficers
Representati ves of the manufacturing and field procedures shall be

al | owed under this contract.

(4) Welders Qualifications: Piping shall be welded in accordance with
qual i fied procedures using perfornance qualified welders and wel di ng
operators. Procedures and wel ders shall be qualified in accordance
with ASME-17. Wl ding procedures qualified by another enployer may be
accepted as pernmitted by ASME B31.1. The Contracting O ficer shall be
notified 24 hours in advance of tests and the tests shall be perfornmed
at the work site if practical. The welder or wel ding operator shal
apply his assigned synbol near each weld he nakes as a permanent record.

(5) Factory Testing and Inspection Records: Per Table K341.3.2A of
Chapter VI1 of ASME B31.3, visual, radiographic and |iquid penetrant
tests shall be performed for each section of piping provided as al
sections are subjected to cyclic conditions. Al testing and

i nspections records shall be submitted to the Contracting Oficers
Representative and shall indicate the pipe mark and installed | ocation
of what piping section on the project site. Cbservation by the
contracting Officers Representatives of the manufacturers and the
fields testing and inspection procedures shall be allowed under this
contract. Pipe certification along with pipe narkings shall be
submitted before the pipe arrives on the job site.

(6) Welding Inspectors for Stainless Steel Piping: The contractor

shall subnmit the qualifications of all the testing personnel that wll
performall field tests as requested by the Contracting Officer. The
qualifications of all personnel on the job site that will perform
wel di ng i nspection shall be submitted for approval. These inspectors
shall neet the qualifications as defined in Chapter VI of the ASME B31. 3,
and may use the nmethods as defined in Table K341.3.2 B of the ASME B31. 3.

(7) The Contractor shall provide a qualified inspector (factory) in
accordance with Chapter VI of ASME B31.3. to act as the owner's

i nspector (for the Government) at the pipe manufacturer's facility in
addition to the manufacturer's inspector

(8) Quality Assurance Plan shall be subnitted for the welding,
i nspecting and testing of the wel ded seam pi pe.
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2.

TABLE A
Nom nal Nom nal (Aver age)
Pi pe Size Pi pe O D. Wal | Thi ckness(tn)
12 in. 12. 750 in. 0. 250 in.
10 in. 10. 750 in. 0.250 in
8 in. 8.625 in. 0.250 in
6 in. 6. 625 in. 0.219 in
4 in. 4.500 in. 0.219 in
2 12 in. 2.875 in. 0.156 in

b. Piping Two-Inches and Smaller: Schedul e 80 ASTM A312 seamnl ess
Type 304L for threaded piping and schedul e 40 (unl ess ot herw se
i ndi cated) ASTM A312 seanl ess Type 304L for wel ded pi pi ng.

c. Stainless Steel Control Tubing: Seanless, fully anneal ed tubing
conform ng to ASTM A269, G ade TP316, Rockwell hardness B80 or
less. Wall thickness for 1/2-inch tubing to be 0.049-inch

d. Welding Electrodes (Factory Fabrication): E308L conforning to AW
A5. 4.

2.4 Protective Coatings for Aboveground Carbon Steel Piping

Provi de coating of aboveground piping, piping in pits, pipe supports,
filter separators, and m scell aneous netal and equi prent in accordance with
M5 M L-P-24441/ GEN and the instructions that follow. Color of finish coat
shall be white. Do not paint stainless steel or alum num surfaces.
Surfaces including those that have been shop coated, shall be sol vent

cl eaned. Surfaces that contain |oose rust, loose mll scale, and other
forei gn substances shall be cl eaned nmechanically with power tools according
to SSPC SP 3. Cleaning shall be perforned in sections or blocks small
enough to permt application of the epoxy-polyam de prinme coat during the
same work shift. Shop-coated surfaces shall be protected from corrosion by
treating and touching up corroded areas i medi ately upon detection.

.2.4.1 Coati ng Description

Epoxy- pol yam de coatings consist of a two conponent systemthat includes a
pi gnent ed pol yani de resin portion (A conponent) and an epoxy resin portion
(B component). Once they are m xed together and applied as a paint film
the coating cures to a hard filmby chem cal reaction between the epoxy and
pol yam de resins. Epoxy-pol yam de coating (M5 M L-P-24441/ GEN) consi sts of
i ndi vidual formulations, for exanple, Fornula 150 is for green prinmer, and
Formula 152 is for white topcoat.

.2.4.2 M xi ng Epoxy- Pol yami de Coati ngs

Epoxy- pol yam de coatings are supplied in nmeasured anmounts that nust be
m xed together in exact proportions to ensure the correct and conpl ete
chemi cal reaction. MXx no nore paint than can be applied in the sane day.

The estimated pot life is 3-4 hours for 5 gallons at 70-80° F. Discard any
m xed paint remmining at the end of the day.

a. Mxing Ratio. The mxing ratio of the M5 M L-P-24441/ GEN coati ngs

(except Forrmula 159) are all 1:1 by volune, for exanple, 5 gallons
of component A to 5 gallons of conponent B. The nixing ratio of
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M5 M L-P-24441/ GEN for formula 159 is 1:4 by vol une.

b. Mxing Procedures. Each conponent shall be thoroughly stirred
prior to mxing the conponents together. After m xing equa
vol umes of the two conponents, this mixture shall again be
thoroughly stirred until well blended. The induction tine shal
be adhered to, to ensure conplete chenmical reactions. Induction
time is defined as the tinme immediately followi ng the m xing
t oget her of conponents A and B during which the critical chemica
reaction period of these conponents is initiated until the mxture
is ready for application. This reaction period is essential to
ensure the conplete curing of the coating. Volunetric mxing

spray equipnent with in-line heaters set at 70 to 80° F (21 to 28°
C) may be used without an induction period.

2.2.4.3 | nducti on Ti nes

The tenperature of the paint conmponents in storage should be neasured to
determne induction tine and pot life. Pot life is the usable life of the
m xed paint. It is dependent upon the tenperature and the volune of the
m xed paint. The pot life of a five gallon m xture of the M5

M L- P- 24441/ GEN paints at 70-80EF is approxinmately 4 hours. The job site
application tenperature will affect the time required for the paint to
cure, and must be considered in estimating induction time, cure tinme, and

the effect of batch size on these functions. At 40 to 60° F a 1 hour
i nduction tine shall be used. Volunmetric mxing spray equi pment with

in-line heaters set at 70 to 80° F nay be used wi thout an induction period.
To ensure that the reaction proceeds uniformy, the paint should be
manual |y stirred periodically during its induction period. This prevents

| ocal i zed overheating or hot spots within the paint nixture.

2.2.4.4 Epoxy- Pol yam de Coating Application

Epoxy- pol yam de coatings, M5 M L-P-24441/ GEN, may be applied by brushing or
sprayi ng.

a. Thinning Application. Odinarily, M5 ML-P-24441/ GEN coatings are
not thinned. |f necessary, up to one pint of epoxy thinner for
each gallon of mxed paint may be added if paint has thickened
appreciably during cold tenperature application or if necessary to
i mprove application characteristics. Wen applied at the proper
t hi ckness, wi thout thinning, these paints will have no tendency to
sag.

b. Application Thickness. Unless otherw se specified, apply each
coat of paint to produce approximately 3 nils dry filmthickness
(DFT). Application which yields in excess of 4.0 ml|s DFT should
be avoi ded to prevent saggi ng.

c. Spray Application. M5 M L-P-24441/ CGEN paints shoul d be sprayed
wi th conventional spray guns and nornal spray-pot pressures. The
spray gun shoul d be equi pped with a mddle-size (D) needle, and
nozzl e setup. Both conventional and airless spray equi pment are
suitable for use with or wi thout volunetric mxing capability.

2.2.4.5 Equi pnrent C eanup

The ni xed paint should not be allowed to remain in spray equi pnrent for an
ext ended period, especially in the sun of a warm area. The paint cures
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nore rapidly at higher tenperatures. When conponents A and B are nixed
together, the pot life of the mixture (including the induction tine is 6

hours at 70° F (21° ©). Pot life is longer at |ower tenperatures and

shorter at tenperatures above 70° F (21° C). Spray equi prent shoul d be

cl eaned after using by flushing and washing with epoxy thinner or aronatic
hydrocarbon thinners (xylene or high flash aromati c naphtha). Genera
cleanup is also done by using these solvents. Brushes and rollers should
be given a final cleaning in warm soapy water, rinsed clean with warm fresh
wat er and hung to dry.

2.2.5 Protective Coatings for Buried Steel Piping

Provide pipe with FS L-C-530 coating system of factory-applied adhesive
under coat and continuously extruded plastic resin coating; mninum

thi ckness of plastic resin shall be 36 mls for pipe sizes 6 inches and
larger. Fittings, couplings, irregular surfaces, damaged areas of pipe
coating, and existing piping affected by the Contractor's operations shal
be clean, dry, grease free, and prinmed before application of tape. Tape
shal | overlap the pipe coating not |ess than three inches. Waterproof
shrink sl eeves may be provided in lieu of tape and shall overlap the pipe
coating not less than six inches. Pipe coating and adhesive undercoat
surfaces to be wapped with tape shall be prined with a conpatible priner
prior to application of tape. Priner shall be as reconmended by tape
manuf act urer and approved by pipe coating nmanufacturer.

a. Damaged Areas of Pipe Coating: Provide FS L-T-1512, 20 nils
nom nal thickness of tape over danaged areas. Residual material
from danaged areas of pipe coating shall be pressed into the break
or trimmed off. Apply tape spirally with one-third overlap as
tape is applied. A double wap of one full width of tape shall be
applied at right angles to the axis to seal each end of the spira
wWr appi ng.

b. Fittings, Couplings, and Regul ar Surfaces: Provide FS L-T-1512,
10 mils noninal thickness tape overlapped not |ess than 1.0 inch
over danaged areas. Initially stretch and apply first |ayer of
tape to conformto conponent's surface. Then apply and press a
second | ayer of tape over first layer of tape.

c. Testing of Protective Coatings: Performtests with an approved
silicone rubber electric wire brush or an approved el ectric spring
coil flaw tester. Tester shall be equipped with an operating
bell, buzzer, or other audible signal which will sound when a
holiday is detected at minimumtesting voltage equal to 1,000
times the square root of the average coating thickness in nils
Tester shall be a type so fixed that field adjustnent cannot be
made. Calibration by tester manufacturer shall be required at
six-nonth intervals or at such tine as crest voltage is
questionable. Certify in witing the calibration date and crest
voltage setting. Maintain the battery at anple charge to produce
the crest voltage during tests. Areas where arcing occurs shal
be repaired by using material identical to original coating or
coating used for field joints. After installation, retest the
exterior surfaces, including field joints, for holidays. Pronptly
repair holidays.

2.2.6 Fittings

2.2.6.1 Cener a
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Welding ells, caps, tees, reducers, etc., to be of materials conpatible for
welding to the pipe line in which they are installed, and wall thickness,
pressure and tenperature ratings of the fittings shall be not less than the
adj oining pipe line. Unless otherw se required by the conditions of
installation, all elbows shall be the long radius type. Mter joints shal
not be acceptable. Mke odd angle offsets with pipe bends or elbows cut to
the proper angle. Butt weld fittings to be factory-mde wought fittings
manuf actured by forging or shaping. Fabricated fittings will not be
permtted. WIlding branch fittings shall be insert type suitable for

radi ographi c i nspections specified herein

2.2.6.2 Carbon Steel Fittings

a. Fittings 2-1/2 Inches and Larger: Butt weld, conform ng to ASTM
A234, grade WPB and ASME B16.9 of the sane wall thickness as the
adjoining pipe. Al welds shall be radi ographically exani ned
t hroughout the entire Iength of each weld. Each fitting shall be
subj ected to the Supplenmentary Requirenents S3 and S4, Liquid
Penetration exam nation and Magnetic-Particle Exam nation.
Detectable flaws will not be accepted in the supplenentary
exam nations. Fittings shall be identified to relate themto
their respective radi ograph

b. Fittings 2 Inches and Snaller. Forged (socket welded or if
i ndi cated on draw ngs, threaded), 2,000-pound WO G, conforning
to ASTM A105, Grade 2 and ASME B16.11. Threaded fittings shal
only be used for above grade applications. Underground | ow point
drain pi pe and high point vent pipe shall be butt wel ded.

c. Flanges: One-hundred-fifty-pound weld neck, forged flanges
conform ng to ASTM A181, Class 70, and ASME B16.5. Flanges to be
1/ 16-inch rai sed face with phonographic finish, except where
required otherwise to match equi pnent furni shed. Match flange
face to valves or equi pnent furnished. Flange face shall be
machi ned to match val ves or equi pnent furnished. Use of spacing
rings or gaskets discs are not allowed. Flanges shall be
subjected to the Suppl ementary Requirenents S4 and S5, Liquid
Penetrant Exami nation, and Magnetic-Particle Exam nation.
Detectable flaws will not be accepted.

d. Interior Epoxy Coating Systemshall be applied to the fittings as
specified in paragraph "Carbon Steel Piping."

2.2.6.3 Stainless Steel Fittings

a. Fittings 2-1/2 Inches and Larger: Butt weld stainless stee
conform ng to ASTM A403, C ass WP, Type 304L, seanl ess or wel ded,
and ASME B16.9 of the same nininumwall thickness as the adjoining
pi pe. Welded fittings shall be tested and inspected the sane as
the wel ded seam pi pe and neet the sanme requirenments as for the

pi pe.

b. Fittings 2-Inches and Smaller: Forged Type 304 or 304L (socket
wel ded or if indicated on draw ngs, threaded), 2,000-pound WO G
conform ng to ASTM A182 and ASME B16.11. Threaded fittings shal
only be used for above grade applications. Underground | ow point
drain pipe and high point vent pipe shall be butt wel ded.

SECTI ON 15060 Page 11 R0002



Hydrant Fueling Ph | & Il1< Portland Air National Guard Base 03035

c. Unions. Conforming to ASTM A312, G ade 304 or 316.

d. Flanges. One-hundred-fifty-pound weld neck, forged Type 304
stainl ess steel flanges conform ng to ASTM A182 and ASME B16. 5,
except flanges that are to be connected to the fueling/defueling
punps shall be 300-pound. Flanges to be 1/16-inch raised-face
wi t h phonographi c finish, except where required otherwise to match
equi prent furni shed. Mtch flange face to val ves or equi prent
furni shed. Flanges shall be subjected to the Suppl ementary
Requi rements S4, Liquid Penetrant Exam nation

e. Stainless Steel Tube Fittings. Flareless, 316 stainless stee
fittings conform ng to SAE J 514.

2.2.6.4 I sol ati ng Gasket Kits (lInsulating) for Flanges

Provi de ASTM D229 el ectrical insulating material of 1,000 ohns ninimum
resi stance; material shall be resistant to the effects of aviation
hydrocarbon fuels. Provide full face insulating gaskets between flanges.
Provide full surface 0.03-inch thick wall thickness, spiral-wound mnyl ar

i nsul ating sl eeves between the bolts and the holes in flanges; bolts may
have reduced shanks of a dianeter not |ess than the dianeter at the root of
threads. Provide 0.125-inch thick high-strength phenolic insulating
washers next to flanges and provide flat circular stainless steel washers
over insulating washers and under bolt heads and nuts. Provide bolts
0.5-inch longer than standard | ength to conpensate for the thicker

i nsul ati ng gaskets and the washers under bolt heads and nuts. Exterior
above grade flanges separated by electrically isolating gasket kits shal
be provided with weat herproof |ightning surge arrester devices. The surge
arrester shall bolt across flanges separated by insulating gasket kits per
detail on contract drawi ngs. The arrestor shall have the follow ng
features:

a. Weat herproof NEMA 4 encl osure.

b. Bidirectional and bipolar protection

c. Constructed of solid state conponents, no |lights, fuses or relays
shall be used that will require maintenance or replacenent.

d. Wthstand unlimted nunber of surges at 50,000 Amperes.

e. Maxi mum cl anpi ng vol tage of 700 Volts based on a | EEE C62. 41 8x20
m crosecond wave form at 50,000 Anperes peak neasured at the
device termnals (zero |l ead | ength).

f. AUL listed arrester for installation in Cass 1, Division 1 or 2
(as indicated), Group D, hazardous area.

Install the mounting bracket and |eads on the flange side of the bolt
i nsul ating sl eeve and washer, and size in accordance with this schedul e.

Li ne Size (Inches) Bolt Size (Inches)
2 5/8
2-1/2 5/8
3 5/8
4 5/8
6 34
8 3/4
10 7/ 8
12 718
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(Note: Allowance nmust be made for the 1/32-inch thickness of the
i nsul ating sl eeve around the bolts when sizing the nounting |ugs.)

Provide insulation flanges or uni ons wherever pipe transitions from
underground to aboveground. Not all insulating flanges nmay be shown on the
dr awi ngs.

2.2.7 Bol ts and Nuts

Bolts and nuts for pipe flanges, flanged fittings, valves and accessories
shall conformto ASME B18.2.1 and ASME B18. 2.2, except as otherw se
specified. Bolts shall be of sufficient Iength to obtain full bearing on
the nuts and shall project no nmore than two full threads beyond the nuts
with the bolts tightened to the required torque. Bolts shall be regul ar
hexagonal bolts conformng to ASME B18.2.1 with material confornmng to ASTM
Al193 B8 Class 2 (Strain Hardened). Bolts shall be threaded in accordance
with ASME Bl.1, Cass 2A fit, Coarse Thread Series, for sizes one inch and
smal l er and Eight-Pitch Thread Series for sizes larger than one inch. Nuts
shall conformto ASME B18. 2.2, hexagonal, heavy series with materia
conform ng to ASTM A194, Grade 8. MNuts shall be threaded in accordance
with ASME Bl1.1, Cass 2B fit, Coarse Thread Series for sizes one inch and
smal l er and Eight-Pitch Thread Series for sizes |arger than one inch.
Provi de washers under bolt heads and nuts. Washers to be ASTM F436, fl at
circular stainless steel. Torque wenches shall be used to tighten al
flange bolts to the torque recomended by the gasket nmanufacturer.

Ti ghteni ng pattern shall be as reconmended by the gasket manufacturer.

Anti -sei ze conpound shall be used on stainless steel bolts.

2.2.8 Gasket s
ASME B16. 21, conposition ring, using a Buna-N binder, 0.1250-inch thick.
Gaskets shall be resistant to the effects of aviation hydrocarbon fuels and
manuf actured of fire-resistant materials. Full-face gaskets shall be used
for flat-face flanged joints. Ring gaskets shall be used for raised-face
flanged joints. Gaskets shall be of one piece factory cut.

2.2.9 Rel i ef and Drain System Pi ping
Pressure relief valve discharge lines and drain lines to the product
recovery tank shall be Schedul e 40 ASTM A312 seanl ess Type 304L Stainl ess
St eel .

2.2.9.1 Gasket s
See Gaskets specified herein before.

2.2.10 Field Applied Protective Coatings

The field joints and fittings of all underground piping shall be coated as
herei n specified.

2.2.10.1 Wl ded Joints

Heat shrinkabl e radi ation-cross-1inked pol yol efi n wraparound type sl eeves
shall be applied to all welded joints. Joints shall not be coated unti
pressure testing is conplete. Apply sleeves consisting of 40 nil

pol yol efi n backing and 40 m | thermnoplastic mastic adhesive in accordance
with the manufacturer's instructions.
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2.2.10.2 Fittings

Fittings and other irregular surfaces shall be tape wapped. The tape
shall be a plastic mastic |lam nated tape having 6 m | plastic backing of
ei ther polyethyl ene or polyvinylchlorine and 29 to 44 m| of synthetic
el ast oner.

2.2.11 Thr eaded Joi nts

Threaded joints, if indicated on the drawi ngs, shall be nade tight with
manuf acturer recomended teflon tape or a mxture of graphite and oil

inert filler and oil, or with a graphite conpound, applied with a brush to
the mal e threads. Not nore than three threads shall show on nade up
joints. Threaded joints, nechanical couplings and flanges will not be

permitted in buried piping. Threaded joints shall not get wel ded.
2.2.12 Wl ded Joints

Wel ded joints in steel pipe shall be as specified in Part 3 "EXECUTION. "
2.3 MANUAL VALVES

Al portions of a valve coming in contact with fuel in stainless steel pipe
lines shall be of noncorrosive material. Valves in stainless steel pipe
lines shall be Type 304 or Type 316 stainless steel or carbon stee
internally plated with chromiumor nickel or internally electrol ess nicke
plated. Stemand trimshall be stainless steel for all valves. Mnually
operated val ves six inches and |larger shall be worm gear operated and

val ves snaller than six inches shall be wench operated. Valves snaller
than two inches shall have | ever-type handl es, except snall gl obe val ves
shal | have handwheel operators. Valves installed nore than eight (8) feet
above finished floor shall have chain operators and a position indicators
visible fromground | evel. Sprocket wheel for chain operator shall be

al um num

2.3.1 Bal | Val ves

Bal | valves shall be fire tested and qualified in accordance with the

requi renents of APl STD 607 and APl STD 608. Ball valves shall be

nonl ubri cated val ves that operate fromfully open to fully closed with 90
degree rotation of the ball. Valves two inches and larger shall conformto
appl i cabl e constructi on and di nensi on requirenents of APl SPEC 6D, ANS
Class 150 and shall have flanged ends. Valves smaller than 2 inches shal
be ANSI class 150 valves with one piece bodies with flanged ends, unless
noted otherwi se. The balls in valves 10 inches full port and 12 inch
regul ar port and |larger shall have trunnion type support bearings. Except
as ot herwi se specified, reduced port or full port valves nmay be provided at
the Contractor's option.

2.3.1.1 Mat eri al s
Ball shall be stainless steel. Ball valves shall have tetrafluoroethyl ene
(TFE) or Viton seats, body seals and stemseals. Valves 2 inches and
smal | er shall have a | ocki ng nmechani sm

2.3.2 Pl ug (Doubl e Bl ock and Bl eed) Val ves

APl SPEC 6D, Type |11, ANSI C ass 150, non-lubricated, resilient, double
seated, trunnion nounted, tapered lift plug capable of two-way shutoff.

SECTI ON 15060 Page 14 R0002



Hydrant Fueling Ph | & Il1< Portland Air National Guard Base 03035

Val ve shall have stainless steel or carbon steel body w th chrone-plated
interior, tapered plug of steel or ductile iron with chrome or nicke

pl ati ng and plug supported on upper and lower. Sealing slips shall be
steel or ductile iron, with Viton seals which are held in place by dovetai
connections. Valve design shall permt sealing slips to be replaced from
the bottomwith the valve nounted in the piping. Valves shall operate from
fully open to fully closed by rotation of the handwheel to lift and turn
the plug. Valves shall have weat her proof operators with mechanica
position indicators. M nimm bore size shall be not |ess than 65 percent
of the internal cross sectional area of a pipe of the sane nom nal dianeter
unl ess bore height of plug equals the nom nal pipe dianeter and

manuf acturer can show equal or better flow characteristics of the reduced
bore size design.

2.3.2.1 CGener a

Val ves in the operating tank suction lines shall be provided with a
factory-installed linmt switch that is actuated by the valve closure. Each
switch shall have one doubl e pole double throw contacts, and shall be
watertight and U. L. listed for ass I, Division 1, Goup D hazardous areas
with (T2D-419 F) tenperature limtation

2.3.2.2 Val ve Qperation

Rot ati on of the handwheel toward open shall lift the plug w thout w ping
the seals and retract the sealing slips so that during rotation of the plug
cl earance i s maintained between the sealing slips and the val ve body.

Rot ati on of the handwheel toward closed shall |ower the plug after the
sealing slips are aligned with the val ve body and force the sealing slips
agai nst the val ve body for positive closure. Wen valve is closed, the
slips shall forma secondary fire-safe metal -to-netal seat on both sides of
the resilient seal. Plug valves located in Isolation Valve Pits shall be
provi ded wi th handwheel extensions.

2.3.2.3 Rel i ef Val ves

ANSI d ass 150. Provide plug valves with automatic thermal relief valves
to relieve the pressure build up in the internal body cavity when the plug
valve is closed. Relief valves shall open at 25 psi differential pressure
and shall discharge to the throat of, and to the upstream side, of the plug
val ve.

2.3.2.4 Bl eed Val ves

ANSI d ass 150, stainless steel body valve. Provide manually operated
bl eed val ves that can be opened to verify that the plug val ves are not
| eaki ng when in the closed position.

2.3.3 Swi ng Check Val ves

Swi ng check val ves shall conformto applicable requirenents of APl SPEC 6D
regul ar type, ANSI Class 150 with flanged end connections. Check val ves
shall be tilting disc, non-slamtype with 316 stainless steel body and
trim Discs and seating rings shall be renewabl e without renoving the val ve
fromthe Iine. The disc shall be guided and controlled to contact the
entire seating surface.

2.4 BALL CHECK RELI EF VALVES
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Stai nl ess steel body, ball, and spring ASVME/ ANSI B 16.34, 3/4" dianeter.
Val ve shall be in-line pattern, spring |loaded with fully guided ball and
renewabl e viton seats. Spring shall be factory set at 10 psig.

2.5 ADJUSTABLE RELI EF VALVES

Relief valves shall be the fully enclosed, spring | oaded, angle pattern
single port, hydraulically operated type with plain caps, and shall be

| abel ed in accordance with ASME-16. Valve stens shall be fully guided
between the closed and fully opened positions. The valves shall be
factory-set to open at the set pressure indicated on the draw ngs.
Qperating pressure shall be adjustable by nmeans of an encl osed adjusting
screw. The valves shall have a nininmumcapacity of 20 GPM at 10 percent
overpressure and shall operate at rated capacity with a back pressure not
exceeding 50 psi. Valves shall have a repl aceabl e seat.

2.5.1 Material s

Val ves shall have carbon steel bodies and bonnets with stainless stee
springs and trim Valves shall be Cass 150 fl anged end connecti ons.

2.5.2 Si ght Flow I ndicators

Sight flow indicators shall be ANSI Cass 150 and shall have fl anged end
connections. Sight flow indicators shall consist of a housing containing a
rotating propeller that is visible through a gl ass observation port. The
housi ng shall be stainless steel when installed in stainless steel lines
and carbon steel when installed in carbon steel lines. The glass in the

i ndi cator shall also neet the Cass 150 rating. The indicator down stream
of the Pressure Control Valve (PCV) shall contain a bi-directional flapper

i nstead of a propeller.

2.6 Pl PI NG ACCESSCRI ES
2.6.1 Pi pe Sl eeves

Pi pe sl eeves shall be installed at all points where the piping passes
through concrete construction. Such sleeves shall be of sufficient inside
diameter to provide a mnimum clear distance between the pipe and the

sl eeve of 1/2-inch. Sleeves through concrete pits or slabs shall be
standard wei ght carbon steel pipe with a protective coating. Each sleeve
shal | extend through the respective pit wall or slab and shall be provided
with a Buna-N casing seal. Sleeves where piping passes under roads or

pi ping indicated to be double walled shall be standard wei ght carbon stee
pipe with a protective coating as previously specified. Alignnent of the
sl eeve and pi ping shall be such that the pipe is accurately centered within
the sl eeve by a nonconductive centering elenment. The sleeve shall be
securely anchored to prevent dislocation. Cosure of space between the
pi pe and the pipe sleeve shall be by nmeans of a mechanically adjustable
segnented el astoneric seal. The seal shall be installed so as to be flush.

2.6.2 Strainers

2.6.2.1 Basket Type
Strainer shall be in conpliance with M5 ML-S-13789, except as specified
otherwi se. Strainer end connections shall be designed in accordance with

ASME B16.5, Cass 150. Strainers shall have stainless steel bodies,
stai nl ess steel shall be Types 304 or 316. Strainers shall have renovabl e
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baskets of 60 mesh wire screen with larger wire mesh reinforcenent; wre
shal | be stainless steel, Type 316. Pressure drop for clean strainer shal
not exceed three psig at maxi num design flow rate. The ratio of net
effective strainer area to the area of the connecting pipe shall be not

| ess than three to one. Each strainer shall be provided with a suitable
drain at the bottom equipped with a ball valve. Strainer shall be the
single inlet, single outlet design.

Strainer shall be supplied with a piston type direct reading differenti al
pressure gage. The gauge shall consist of a spring-supported, corrosion
resi stant piston noving inside a glass cylinder, with high pressure applied
on top of the piston and | ow pressure applied belowit. Under a
differential pressure of 30 PSI, |eakage past the piston shall not exceed
120 drops per minute. The cylinder shall have stainless steel and flanges
with Viton Oring seals. The high pressure inlet of the gauge shall have a
10-mcron pleated paper filter and the | ow pressure connection shall have a
fine nesh stainless steel strainer. The gauge shall have an operating
pressure of 300 PSI. Differential pressure range of the gauge through
approximately 3 inches of piston novenent shall be 0-30 PSI with an
accuracy of + 0.5 PSI, calibrated linearly with one PSI scal e graduations.
Hi gh and | ow pressure connections shall be 1/4 inch NPT female with a
stainl ess steel bar stock valve at each connection. Construction of the
gauge shall be such that a 3-valve nmanifold is not necessary. |f only one
bar stock valve is closed, the gauge shall not be damaged by up to 300 PS
differential pressure in either direction.

2.6.2.2 Cone Type (Temporary)

Strainer shall be stainless steel type 304 or 316, 60 nesh screen with the
rati o of net open area of strainer to the area of the connecting pipe shal
be not |l ess than one to one.

2.6.3 Pi pe Hangers and Supports
2.6.3.1 CGenera

Pi pe hangers and supports shall conformto MSS SP-58 and MSS SP-69.
Supports shall be provided at the indicated | ocations. Support channels
for drain lines shall be epoxy coated on all surfaces or hot-dip gal vani zed
after the channels are cut to length. Coated supports shall be coated with
fusion bonded epoxy resin applied by the fluidized bed nethod. Thickness
of the coating shall be not |less than 10 mls. Surface preparation and
coating application shall be in accordance with the epoxy manufacturer's
instructions. The coating shall be pinhole free when tested with a | ow

vol tage holiday detector set at no more than 100 tinmes the ml thickness of
the coating. Al pinholes shall be marked, repaired and retested to ensure
a pinhole free film The coating material shall be a 100 percent solids,
thernosetting, fusion-bonded, dry powder epoxy resin. The manufacturer
shall certify that the material is suitable for fluidized bed application
and that it is approved by the Environnental Protection Admnistration.

2.6.3.2 Adj ust abl e Pi pe Supports
Adj ust abl e pi pe supports shall consist of a cast iron saddle and a threaded
ni ppl e connected to a carbon steel pipe by nmeans of a special reducer
conform ng to MSS SP-69. The supports shall be provided with neoprene
i nsul ation strips.

2.6.3.3 Low Friction Supports
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Low friction supports shall be self-lubricating antifriction el enent
composed of reinforced TFE. Units shall be factory designed and
manuf act ur ed.

2.6.3.4 Concrete and G out

Concrete and grout for anchors and supports shall comply with SECTI ON 03300
CAST- | N- PLACE STRUCTURAL CONCRETE.

2.6.4 Sanpl e Connecti ons

Sanpl e connections shall be factory assenbl ed units specifically designed
for obtaining representative sanples fromfuel pipelines. Each connection
shall include a 1/4-inch sanpling probe where the probe faces upstream
ball valve and 1/4-inch quick disconnect coupling with dust plug, all
assenbled into a unit that is suitable for installation in a pipe nipple.
The sanpling probe shall extend not |ess than one inch into the fuel pipe.
Al materials in the sanple connections shall be stainless steel or

al um num

2.6.4.1 Sanpl i ng Hoses

Furni sh two sanpling hose assenblies to the Contracting Officer at the
project site. Each assenbly shall consist of a six-foot Iength of 1/4-inch
clear plastic tubing with internal bonding/grounding wire. One end of the
tubing will contain a male connector that actuates flow when inserted into
the qui ck disconnect coupler. Each end of the bondi ng/ grounding wire shal
be equipped with clips for attaching to the pipe and netal sanple container.

2.6.5 Moni t ori ng Points

At the follow ng | ocations, provide half-inch pipe, flanged ball valve, and
blind flange for future test equi pnment connecti ons:

a. At the Hydrant Host Truck Checkout, inlet to Hydrant Val ve.
b. At the inlet to the Back Pressure Control Valve in the Punphouse.

c. At both sides of the isolation valve in all the isolation val ve
pits.

2.6.6 Pressure Fueling Nozzle

Nozzl es shall conformto M5 ML-N-5877, Type D-2. Nozzles and nozzle
conponents shall be conpatible with the fuel to be handl ed. Nozzles shal
be provided with an internal 60 nmesh stainless steel strainer and a fue
sanpl e connection tapping. Nozzle design shall be for single point fueling
of aircraft. Nozzles shall be provided with a conpatible dry break quick
di sconnect swivel. Coupler shall allow for quick di sconnect and reconnect
of fueling nozzles with correspondi ng adapters. Coupler and adapter shal
provide a positive, |eak proof connection under constant or surge flow.
Coupl er shall be designed to prevent blowout of internal poppet.

2.6.7 Nozzl e Adapter (SPR)
Adapter shall be a nomnal 2-1/2 inches with self-closing valve in

accordance with M L-STD 24484. Adapter shall have a 4 inch flange nounting
and netal sealing, vacuumtight, |ocking dust cap using the SPR | ugs.

SECTI ON 15060 Page 18 R0002



Hydrant Fueling Ph | & Il1< Portland Air National Guard Base 03035

2.7 FLEXI BLE HOSES

Fl exi bl e hoses for fueling punps shall have ANSI d ass 300 fl anges of
stai nl ess steel construction conform ng to ASME B16.5. Fl exi bl e hoses
shal | be of stainless steel flexible netal hose consisting of an inner
corrugated stainless steel tube with stainless steel braid cover. Al
components to be suitable for not |ess than 275 psig. Length and
application of flexible hoses shall be per manufacturer's witten

recomrendat i ons.

PART 3 EXECUTI ON

3.1 VELDI NG

3.1.1 Gener al
Al'l joints unless indicated otherwi se, in carbon steel and stainless stee
pi pi ng systems shall be welded. Unless otherw se approved, all girth welds
shal | be conplete penetration groove welds nade in accordance wth
qual i fied wel ding procedures. Wl ding operations, qualifications of

wel ders and wel di ng procedures shall conply with the provisions of ASVE
B31.3 and the requirenents specified herein

The root pass on stainless steel and carbon steel pipe shall be by the GVAW
or GTIAW process.

a. Definitions shall be in accordance with AW A3. 0.

b. Synmbols shall be in accordance with AWS A2.4 for welding and
nondestructive testing, unless otherw se indicated.

c. Safety Precautions shall conformto ANSI Z49. 1.

d. Weld Preparation shall conmply with the requirenents of ASME B31.3
and the qualified Welding Procedure Specification. The use of
"rice paper" as purge blocks is not permitted. Contractor shal

submit alternate nethod for approval.Back purge gas shall be used
for the root pass of all pipe welds.

e. Backing Rings. The use of backing rings for making or repairing
welds will not be permitted.

3.1.2 Qualifications of Wl ders

Wel ders and wel di ng procedures shall be qualified in accordance with
requi renents of ASME B31l. 3.

3.1.2.1 Wl d Identification

Each qualified welder shall be assigned an identification synbol. Al
wel ds shall be permanently marked with the synbol of the individual who
made the wel d.

3.1.2.2 Def ective Wrk
Wel ders found maki ng defective welds shall be renoved fromthe work or

shall be required to be requalified in accordance with ASME B31l. 3.
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3.1.3 Test s

Al steel pipe field welds, including high point vent pipe and | ow point
drai n pipe, shall be exam ned by radi ographic nethods to determ ne
conformance to the paragraph "Standards of Acceptance."” The services of a
qualified comrercial or testing |aboratory approved by the Contracting
Oficer shall be enployed by the Contractor for testing of piping welds.
Costs of testing, including retesting or repaired welds, shall be borne by
the Contractor

3.1.3.1 Radi ogr aphi c | nspection

Procedures for radiographic inspection shall be in accordance with

M L- STD-271 or ASTM E94. Weld ripples or surface irregularities that m ght
mask or be confused with the radi ographic i mage of any objectional defect
shal | be renoved by grinding or other suitable nmechanical neans. The weld
surface shall be nerged snoothly with the base netal surface.

3.1. 4 St andards of Acceptance

Interpretation of test results and Iimtations on inperfections in welds
shal |l conmply with the requirenents for 100 percent Radi ography, per ASME
B31.3, Chapter VII, Table K341. 3. 2A

3.1.5 Corrections and Repairs

Def ects shall be repaired in accordance with approved procedures. Defects
di scovered between passes shall be repaired before additional weld materia
is deposited. Wenever a defect is renpved and repair by welding is not
required, the affected area shall be blended into the surrounding surface
so as to avoid sharp notches, crevices, or corners. After a defect is
thought to have been renoved, and prior to rewelding, the area shall be
exam ned by suitable nmethods to insure that the defect has been elim nated.
After repairs have been nade, the repaired area shall be reinspected and
shal | neet the standards of acceptance for the original weld. Any

i ndication of a defect shall be regarded as a defect unless reeval uation by
nondestructive nethods and/or by surface conditioning shows that no defect
is present.

3.1.5.1 Def ect Renoval

Def ective or unsound weld joints shall be corrected by renoving and
replacing the entire weld joint, or for the foll owing defects corrections
shal | be made as foll ows:

a. Excessive Convexity and Overlap: Reduce by renoval of excess
net al .

b. Excessive Concavity of Weld, Undersized Wl ds, Undercutting:
Cl ean and deposit additional weld netal

c. Excessive Wld Porosity, |nclusions, Lack of Fusion, Inconplete
Penetration: Renove defective portions and rewel d.

d. Crack in Wl d or Base Metal: Rempve crack throughout its | ength,
i ncluding sound weld nmetal for a distance of tw ce the thickness
of the base netal or two inches, whichever is |ess, beyond each
end of the crack, followed by the required rewelding. Conplete
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renoval shall be confirned by magnetic particle inspection for
carbon steel or liquid penetrant inspection for stainless steel

I nspection procedures shall conmply with the requirenments of ASME
B31. 3.

e. Poor Fit-Up: Cut apart inproperly fitted parts, and reweld.

f. Slag: No slag shall be remaining on the interior of the pipe weld.

3.1.5.2 Met hods of Defect Renpva

The renoval of weld nmetal or portions of the base netal shall be done
preferably by chipping, grinding, saw ng, machining, or other nechanica

nmeans. Defects also may be renoved by thermal cutting techniques. |If
thermal cutting techniques are used, the cut surfaces shall be cleaned and
snoot hed by mechanical nmeans. |n addition, at |least 1/8-inch of netal

shal | be renoved by mechani cal neans fromthe cut surfaces of stainless
steel .

.1.5.3 Rewel di ng

Repair welds shall be made using an electrode or filler wire preferably
smal l er than that used in nmaking the original weld. Rewelding shall be
done using qualified welding procedures. The surface shall be cl eaned
before rewel ding. Repair welds shall neet the requirenents of this
speci fication.

.1.5.4 Peeni ng or Caul ki ng

The use of force (peening) or foreign materials to nask, fill in, seal, or
di sgui se any wel ding defects shall not be pernitted.

.2 | NSTALLATI ON
2.1 Pr ecauti ons

Speci al care shall be taken by the Contractor to insure that the protective
coating on buried pipe is not danmaged during installation and that the
compl eted systemis free of rocks, sand, dirt, and foreign objects. The
Contractor shall take the following steps to insure these conditions.

a. Coated pipe shall be handled only with canvas or nylon slings or
padded cl anps. Any coating damaged by i nproper handling or
storage shall be repaired as specified.

b. Pipe brought to the site shall be stored on blocks or horses at
| east 18 inches above the ground. Padded bl ocks or horses shal
be used for coated pipe. The nmethod and hei ght of storing coated
pi pe shall be in accordance with the coating manufacturer's
i nstructions.

c. Visual inspection shall be nade of the inside of each |ength of
pipe to ensure that it is clear and clean prior to installation

d. The open ends of the pipe systemshall be closed at the end of
each day's work or when work is not in progress and shall not be
opened until the work is resuned.

e. A swab, with a leather or canvas belt disc to fit the inside
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3.

3.

di ameter of pipe, shall be pulled through each | ength of pipe
after welding in place.

f. Qobstruction remaining in the pipe after conpletion of the system
shal | be renoved at the expense of the Contractor

2.2 Protective Coatings
2.2.1 Application of Tape Wappi ng

Surfaces to receive tape shall be clean, dry, grease-free and dust-free.
Extruded pol yethyl ene coating and adhesi ve undercoat surfaces to be tape
wr apped shall be prinmed with a conpatible priner prior to application of
the tape. The primer shall be as recommended by the tape nanufacturer and
approved by the extruded pol yet hyl ene coati ng manufacturer. Weld beads
shall be wire brushed. Burrs and weld spatter shall be renoved. Wld
beads shall be covered with one wap of tape prior to spiral wapping.
Fittings shall be wapped spirally beginning with one conplete wap three

i nches back from each edge of the extruded pol yet hyl ene coating. For pipe
| ess than four-inch size, one layer half-Ilapped shall be used. For pipe
four-inch size and larger, two layers half-Iapped shall be used, with the
second | ayer w apped opposite hand to the first. On irregular surfaces one
| ayer shall be applied hal f-lapped and stretched to conformto the surface,
foll owed by a second | ayer hal f-lapped and applied with the tension as it
cones off the roll

.2.2.2 I nspection and Testing

The condition of factory field coated and w apped pi ping shall be the
responsibility of the Contractor and all danmage to the protective covering
during transit and handling shall be repaired by the Contractor at no
additional cost to the Governnment. All field coating and wapping shall be
subj ect to approval by the Contracting Officer. The entire pipe shall be

i nspected as specified in sub-paragraph "Testing of Protective Coatings"
under paragraph "Protective Coatings for Buried Carbon Steel and Stainless

Steel Piping." The inspection for holidays shall be perforned just prior
to lowering the pipe into the ditch and every precaution shall be taken
during | owering and backfilling to prevent damage to the protective
covering.

.2.2.3 Danage Repair

Damaged areas of extruded pol yethyl ene coating shall be repaired by tape
wr appi ng as specified in the preceding paragraph for fittings. Residua
material fromthe extruded pol yethylene coating shall be pressed into the
break or shall be trimed off; all areas to be taped shall be prined, and
the tape shall be applied hal f-Iapped.

.3 | NTERI OR EPOXY COATI NG

When internally epoxy lined pipe is cut, the lining shall be ground back
fromthe end a m ni mum of one inch but not nore than one and one-hal f
i nches.

.4 VERI FI CATI ON OF DI MENSI ONS

The Contractor shall beconme fanmiliar with details of the work, shall verify
dimensions in the field, and shall advise the Contracting O ficer of any
di screpancy before perforning any work.
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3.

5 CLEANI NG OF PI PI NG

The Contractor shall keep the interior and ends of all new piping affected
by the Contractor's operations thoroughly cleaned of foreign matter and
wat er before and after being installed. Piping systens shall be kept clean
during installation by nmeans of plugs or other approved nethods. Wen work
is not in progress, open ends of piping and fittings shall be closed so

that no water or other foreign substance will enter the pipes or fittings.
Pi pi ng shall be inspected before placing into position. The interior of
each length of pipe shall be cleaned after welding. It shall be the

Contractor's responsibility for insuring that the interior of the piping is
free of foreign matter when it is connected into the system

.6 TRENCHI NG AND BACKFI LLI NG

Trenching and backfilling shall conformto Section 02316 EXCAVATI ON
TRENCHI NG, AND BACKFI LLI NG FOR UTI LI TI ES SYSTEMS, and the foll owi ng beddi ng

and backfill requirenents. The pipe shall be laid in a bed of sand six
i nches deep, conpacted to the elevation of the bottom of the pipe. The
full length of each section of pipe w thout any protective covering shal

be excavated to permt installation of the protective covering. Pipe that
has the grade or joint disturbed after |aying, shall be taken up and
relaid. Pipe shall not be laid in water or when the trench or weather
conditions are unsuitable for such work. After testing and application of
protective covering to joints, sand backfill shall be placed and conpacted
around the pipe or protective coating. The renmainder of the backfill shal
be the sane as for other types of pipe.

T | NSTALLATI ON OF UNDERGROUND PI PE

Under ground fuel pipelines shall be pitched as shown on the draw ngs.

VWhere not indicated they shall be pitched a m nimum of 2 inches per 100
feet. Branch lines to the hydrant pits shall slope up to the pit. Vent
and drain lines shall ternminate in nale camtype | ocking end dry breaks
with matching fenmal e dust covers and installed in pits. The pipe shal

have cover as shown on the drawings. Drain lines shall be installed at the
sl opes i ndi cat ed.

. 7.1 Pi pe Assenbly

Pi pe shall be strung parallel and adjacent to or above a trench. The pipe
shal | be supported on padded skids during welding and i nspection of joints.
Protective coating shall be inspected and repaired prior to | owering the

pi pe into the trench. The pipe shall be | owered using only canvas or nyl on
slings. The sling shall be dug fromunderneath the pipe after placenents
and shall not be pulled fromunderneath the pipe while in contact with it.
Care shall be taken to prevent danage to the pipe, welded joints or coating
and any such danage shall be repaired as directed by the Contracting
Oficer. Pressure testing of the pipe shall be done after it has been

pl aced in final position in the trench.

. 7.2 Warni ng Tapes in Earth Trenches

For the purpose of early warning and identification of buried pipes outside
of building walls during future trenching or other excavation, continuous
identification tapes shall be provided in the trench. Tape shall be
nonmagnetic plastic tape or alumnumfoil plastic backed tape manufactured
for the purpose of early warning and identification of utilities buried
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bel ow the tape. Tape shall be at least three inches in width. Color of
tape shall be as standard with the manufacturer with respect to the type of
utility buried below the tape. Tape shall have lettering at |east one inch
high with not less than the followi ng identification on the tape: BURI ED
JET FUEL PI PI NG BELOWN Tape shall be installed in accordance with the
printed recomendations of the tape manufacturer, as nodified herein

Tapes shall be buried at a depth of six inches fromthe top of the subgrade.

3.7.3 Cl ear ances

Install pipe to be clear of contact with other pipes, pipe sleeves,
casings, reinforcing steel, conduits, cables, or other netallic structures.
Where pipes cross other pipes or structures with a separation of |ess than
six inches, install an insulating separator. Protect the pipe from contact
with a 12-inch square by 1 inch thick bitum nous-inpregnated canefi ber

boar d.

3.7. 4 Protective Coating

When the protective coating on pipe is damaged, the Contracting O ficer
shall be notified and shall inspect the pipe before the coating is patched.
If the damage to the pipe is deeper than 0.050-inch, the damage shall be
repaired by welding in accordance with paragraph "WELDING'. |If the pipe is
dented, out of round or damaged to the point that welding will not make it
good as new, the length of pipe shall be rejected.

3.8 Pl PI NG LAYQUT REQUI REMENTS

3.8.1 Pi pe Fabrication
Fabricate piping to neasurenments established on the project site and
position into place wi thout springing or forcing. Mke provisions for

absor bi ng expansi on and contraction w thout undue stress in any part of the
system

3.8.2 Interferences and Measurenents
Provide offsets, fittings, and accessories required to elimnate
interferences and to match actual equi prent connection | ocations and
arrangenments. Verify neasurenents before commenci ng work. Submt
di screpancies for clarification before proceeding with the installations to
the Contracting Oficer.

3.8.3 Space and Access
Keep pi ping, control tubing, which is not detailed close to structures and
columms so as to take up a m ni rum anount of space. Ensure that access is
provi ded for maintenance of equi pnent, val ves and gauges.

3.8.4 Locati on

Do not place unions in locations that will be inaccessible after the
conpl etion of the work. Place unions on each side of equipnent.

3.8.5 Pi pi ng and Equi pnent
Provi de anchors where required to absorb or transmit thrust or elimnate

vi bration or pulsation. Provide hangers and supports near each change of
direction. Select support conponents which do not restrict the novenent of
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the pipe due to thermal expansion. Space hangers uniformy and arrange
symretrically.

3.8.6 Structural Support

Provi de supplenentary or internedi ate steel or other structural nenbers as
required for transmnission of |oads to nmenbers formng part of the
supporting structure.

3.8.7 G ade

Where profiles of piping lines are shown on the draw ngs, grade the |ine
uni formy between changes in slope or direction. Mintain gradient to
within + 1/4-inch over the entire |length of pipe. Wen backfilling has
been conpleted to the top of the pipe, the pipe shall be surveyed at each
joint, logged by station nunber, and submtted to the Contracting O ficer
and approved before backfilling can continue.

3.8.8 Si ze Changes

Make changes in pipe size with reducing fittings. Do not use bushings. In
lieu of welding reducing outlet tees for piping 2 inches and |arger,
wel di ng branches suitable for 100 percent radiographic inspection may be
used. Do not use weldolets unless specifically called out (labeled) on the
dr awi ngs.

3.8.9 Direction Changes

Make changes in the horizontal direction of pipes with [ong radius
fittings. Provide special fittings when required. Do not nmake mter

wel ds. Make odd-angle offsets with pipe bends or el bows cut to the proper
angl e.

3.9 TESTI NG

Pi pi ng shall be tested by pneunmatic and hydrostatic pressure. Testing
shall conply with applicable requirements of ASME B31.3, NFPA 30 and the
requi renents specified herein. Hydrostatic testing shall be perforned
using fuel as the liquid. Water shall not be introduced into the system
for testing. Pressure and hydrostatic testing shall be perfornmed only
after wel ding i nspection has been conpl et ed.

3.9.1 Cener al

Piping to be installed underground shall not receive field applied

protective covering at the joints or be covered by backfill until the
pi pi ng has passed the pneumatic test described herein. To facilitate the
tests, the Contractor shall isolate various sections of the piping system

and test each one separately. Were such sections term nate at flanged

val ve points, the line shall be closed by neans of blind flanges in |ieu of
relying on the valve. The Contractor shall furnish tapped flanges that can
be attached to the end of the section of |ine being tested, and that will
permt a direct connection between the piping and the air conpressor and/or
pressurizing punp. No taps in the permanent line will be permitted. The
Contractor shall furnish all necessary equi prent for testing; all gauges
shal |l be subject to testing and approval of the Contracting Officer. The
air used for pneumatic testing shall have a residual hum dity of not over
20 percent. The Contractor shall provide dehum difying equi pnment on the
suction or discharge side of the air conpressor used to provide air for
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testing. Pressurizing punp shall not exceed 10 cfm
3.9.1.1 Pneumati c Test Procedure

Speci al safety neasures, including the wearing of face nmask, shall be taken
during testing under pressure. Only authorized personnel shall be
permitted in the area during testing. The pneumatic test pressure shall be
applied in increments. A prelimnary 25 psig test shall be applied.

Exam ne joints with soap solution. Leaks revealed by this test shall be
repaired. The full test pressure shall then be applied. Unless otherw se
directed by the Contracting Officer, all piping shall be tested at a
pressure of 50 psig for not less than 2 hours, during which tine there
shall be no drop in pressure, only pressure rises with tenperature. The
pressure source shall be disconnected during the final test period. Any

| eaks reveal ed by the test shall be repaired and the test repeated.

3.9.1.2 Hydrostatic Test Procedure

Upon conpl etion of pneumatic testing and after backfilling, hydrostatically
test each piping systemw th fuel at 275 psig in accordance with ASME B31. 3
and APl RP 1110, with no | eakage or reduction in gauge pressure for four
hours. The Contractor shall furnish electricity, instrunments, connecting
devi ces, and personnel for test. Fuel shall be furnished by the
CGovernment. Defects in work provided by the Contractor shall be corrected
by himat his own expense, and the test repeated until the work is proven
to be in conpliance with the Contract requirenents.

3.9.2 Per f or mance Testi ng
The conpl eted fuel systemshall be cl eaned and perfornance tested as
specified in Section 15899 SYSTEM START UP, FUELING SYSTEM All contro
val ves, both manual and automatic, shall be checked for |eaks (any area
wetted with fuel) and proper operation and adjusted, repaired or repl aced
to correct any defects.

-- End of Section --
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SECTI ON 16415

ELECTRI CAL WORK, | NTERI OR

The publications listed below forma part of this specification to the

extent referenced.
desi gnation only.

The publications are referred to in the text by basic

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI)

ANSI C39.1

ANSI C78.1

ANSI C82.1

ANSI CB2. 4

(1981; R 1992) Requirenents for Electrica
Anal og I ndicating Instruments

(1991; Cr78.1a; R 1996) Fluorescent Lanps -
Rapi d- Start Types - Di nensional and
El ectrical Characteristics

(1997) Specifications for Fluorescent Lanp
Bal | asts \ $18. 00$\ F\ X Addenda D & E

(1992) Ballasts for
H gh- I ntensity-Di scharge and Low Pressure
Sodi um Lanps (Ml tiple-Supply Type)

AVERI CAN SOCI ETY FOR TESTI NG AND NMATERI ALS ( ASTM

ASTM B 1

ASTM B 8

ASTM D 709

(1995) Hard-Drawn Copper Wre

(1999) Concentric-Lay-Stranded Copper
Conductors, Hard, Medium Hard, or Soft

(2000) Lami nated Thernpsetting Materials

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENQ NEERS (| EEE)

| EEE C62. 41

| EEE Std 242

| EEE Std 399

| EEE Std 81

(1991; R 1995) Surge Voltages in
Low Vol t age AC Power Circuits

(1986; R 1991) Recommended Practice for
Protection and Coordi nation of Industrial
and Commerci al Power Systens

(1997) Recommended Practice for Industrial
and Comerci al Power Systenms Anal ysis

(1983) CGuide for Measuring Earth
Resistivity, G ound | npedance, and Earth
Surface Potentials of a Gound System
(Part 1) \$31.00%\F

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)
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NEMA 250 (1997) Enclosures for Electrical Equipnment
(1000 Vol ts Maxi mum

NEVA AB 1 (1993) Mol ded Case Circuit Breakers and
Mol ded Case Switches

NEMA FU 1 (1986) Low Voltage Cartridge Fuses

NEMA I CS 1 (1993) Industrial Control and Systens

NEMA | CS 2 (1993) Industrial Controls and Systens

Controllers, Contactors, and Overl oad
Rel ays Rated Not More Than 2,000 Volts AC
or 750 Volts DC

NEMVA | CS 3 (1993) Industrial Control and Systens
Factory Built Assenblies

NEMA | CS 6 (1993) Encl osures for Industrial Control
and Systens

NEMVA LE 4 (1987) Recessed Luninaires, Ceiling
Conpatibility

NEMA MG 1 (1998) Mdtors and Generators

NEMA MG 10 (1994) Energy Managenent Cuide for

Sel ection and Use of Pol yphase Modtors

NEMA CS 1 (1996) Sheet-Steel Qutlet Boxes, Device
Boxes, Covers, and Box Supports

NEMA RN 1 (1998) Pol yvinyl -Chloride (PVC) Externally
Coated Gal vani zed Rigid Steel Conduit and
I nternedi ate Metal Conduit

NEVA VWD 1 (1999) Ceneral Requirenments for Wring
Devi ces
NEVA VD 6 (1997) Wring Devices - D nensional

Requi rement s
NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)
NFPA 101 (2000) Life Safety Code
NFPA 70 (2002) National Electrical Code
U S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)

47 CFR 18 Industrial, Scientific, and Medi cal
Equi pnent

UNDERWRI TERS LABORATORI ES (UL)
uL 1 (2000) Flexible Metal Conduit

UL 1004 (1994; Rev thru Nov 1999) Electric Mtors
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UL 1029 (1994; Rev thru Dec 1997)
H gh-Intensity-Di scharge Lanp Ball asts
UL 1242 (1996; Rev Mar 1998) Internedi ate Metal
Condui t
UL 1570 (1995; Rev thru Nov 1999) Fl uorescent

Li ghting Fi xtures

UL 1572 (1995; Rev thru Nov 1999) High Intensity
Di scharge Lighting Fixtures

UL 198C (1986; Rev thru Feb 1998)
H gh-Interrupting-Capacity Fuses,
Current-Limting Types

UL 198D (1995) d ass K Fuses

UL 198E (1988; Rev Jul 1988) dass R Fuses

UL 198G (1988; Rev May 1988) Fuses for
Suppl enentary Overcurrent Protection

UL 198L (1995; Rev May 1995) D-C Fuses for
I ndustrial Use

UL 20 (1995; Rev thru Oct 1998) General -Use Snap
Swi t ches

UL 360 (1996; Rev thru Qct 1997) Liquid-Tight

Fl exi bl e Steel Conduit

UL 467 (1993; Rev thru Apr 1999) G oundi ng and
Bondi ng Equi pnent

UL 486A (1997; Rev thru Dec 1998) Wre Connectors
and Sol dering Lugs for Use with Copper
Conduct ors

UL 486C (1997; Rev thru Aug 1998) Splicing Wre
Connectors

UL 486E (1994; Rev thru Feb 1997) Equi pnent Wring
Term nals for Use with Al um num and/ or
Copper Conductors

UL 489 (1996; Rev thru Dec 1998) Ml ded- Case
Circuit Breakers, Ml ded-Case Sw tches,
and Circuit-Breaker Encl osures

UL 498 (1996; Rev thru Jan 1999) Attachment Pl ugs
and Receptacl es

UL 50 (1995; Rev thru Nov 1999) Encl osures for
El ectri cal Equi pnent

UL 508 (1999) Industrial Control Equi pnent

UL 510 (1994; Rev thru Apr 1998) Pol yvi nyl
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uL

UL

uL

UL

uL

uL

uL

UL

uL

UL

uL

UL

UL

uL

1.2

1.2.

512

514A

514B

542

674

698

797

83

844

845

886

943

98

GENERAL

Rul es

Fuel ing Ph |

& Il < Portland Air National Guard Base 03035

Chl ori de, Pol yet hyl ene, and Rubber
I nsul ati ng Tape

(1993; Rev thru Mar 1999) Fusehol ders
(1996; Rev Dec 1999) Metallic Qutlet Boxes

(1997; Rev Oct 1998) Fittings for Cable
and Condui t

(1999) Lanpholders, Starters, and Starter
Hol ders for Fl uorescent Lanps

(1997) Rigid Metal Conduit

(1994; Rev thru Oct 1998) Electric Mtors
and Generators for Use in Division 1
Hazar dous (Cl assified) Locations

(1995; Rev thru Mar 1999) Industrial
Control Equi prent for Use in Hazardous
(Cassified) Locations

(1993; Rev thru Mar 1997) Electrical
Metal Iic Tubing

(1998; Rev thru Sep 1999)
Ther nopl astic-1nsulated Wres and Cabl es

(1995; Rev thru Mar 1999) Electric
Li ghting Fixtures for Use in Hazardous
(A assified) Locations

(1995; Rev thru Nov 1999) Mdtor Control
Centers

(1994; Rev thru Apr 1999) Qutlet Boxes and
Fittings for Use in Hazardous (Cd assified)
Locati ons

(1993; Rev thru May 1998) Ground-Fault
Circuit-Interrupters

(1994; Rev thru Jun 1998) Encl osed and
Dead- Front Switches

The installation shall conformto the requirenents of NFPA 70 and NFPA 101,
unl ess nore stringent requirenents are indicated or shown.

1.2.

Coor di nati on

The drawi ngs indicate the extent and the general |ocation and arrangenent

of equi prent,
with all

conduit, and wiring. The Contractor shall becone famliar
details of the work and verify all dinmensions in the field so that
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the outlets and equi pnent shall be properly located and readily accessible.
Lighting fixtures, outlets, and other equi prment and materials shall be
carefully coordinated with nechani cal or structural features prior to
installation and positioned according to architectural reflected ceiling

pl ans; otherwi se, lighting fixtures shall be symmetrically |ocated
according to the room arrangerment when uniformillum nation is required, or
asymmetrically located to suit conditions fixed by design and shown.
Raceways, junction and outlet boxes, and lighting fixtures shall not be
supported from sheet nmetal roof decks. |If any conflicts occur
necessitating departures fromthe drawi ngs, details of and reasons for
departures shall be submitted and approved prior to inplenenting any
change. The Contractor shall coordinate the electrical requirenments of the
nmechani cal work and provide all power related circuits, wiring, hardware
and structural support, even if not shown on the draw ngs.

1.2.3 Speci al Environnents
1.2.3.1 Weat her proof Locati ons

Wring, Fixtures, and equi pnment in designated |ocations shall conformto
NFPA 70 requirenents for installation in danp or wet | ocations.

1.2.3.2 Hazar dous Locati ons

Wring and equi pment in |ocations indicated shall be of the classes,
groups, divisions, and suitable for the operating tenperature; as indicated.

1.2.3.3 Ducts, Plenuns and Ot her Air-Handling Spaces

Wring and equi pnent in ducts, plenuns and other air-handling spaces shal
be installed using materials and nethods in conformance with NFPA 70 unl ess
nore stringent requirenments are indicated in this specification or on the
contract draw ngs.

1.2. 4 St andard Products

Mat eri al and equi pnent shall be a standard product of a manufacturer

regul arly engaged in the nmanufacture of the product and shall essentially
duplicate itenms that have been in satisfactory use for at |least 2 years
prior to bid opening.

1.2.5 Nanepl at es
1.2.5.1 I dentification Namepl ates

Maj or itens of electrical equipnent and maj or conponents shall be
permanently marked with an identification name to identify the equi pnment by
type or function and specific unit nunber as indicated. Designation of
notors shall coincide with their designation in the notor control center or
panel . Unless otherw se specified, identification nameplates shall be made
of lamnated plastic in accordance with ASTM D 709 with bl ack outer |ayers
and a white core. Edges shall be chanfered. Plates shall be fastened with
bl ack-fini shed round-head drive screws, except notors, or approved
nonadhesi ve netal fasteners. Wen the naneplate is to be installed on an

i rregul ar-shaped object, the Contractor shall devise an approved support
suitable for the application and ensure the proper installation of the
supports and nameplates. |In all instances, the nameplate shall be
installed in a conspicuous |location. The front of each panel board, notor
control center, switchgear, and sw tchboard shall have a nanmeplate to

SECTI ON 16415 Page 5 R0002



Hydrant Fueling Ph | & Il1< Portland Air National Guard Base 03035

i ndi cate the phase letter, corresponding color and arrangenent of the phase
conductors. The foll owi ng equi pnent, as a nminimum shall be provided with
i dentification nanmepl ates:

M ni num 1/ 4 i nch M ni mum 1/ 8 i nch
Hi gh Letters Hi gh Letters
Control Power Transforners
Starters Control Devices
Safety Switches I nstrunment Transforners

Mot or Control Centers
Equi pnent Encl osures
Mot or s

Each panel, section, or unit in motor control centers or simlar assenblies
shal |l be provided with a naneplate in addition to naneplates |isted above,
whi ch shall be provided for individual conpartnents in the respective
assenbl y, including nanepl ates which identify "future,"” "spare," and

"dedi cat ed" or "equi pped spaces."

1.2.6 As-Built Draw ngs

Fol I owi ng the project conpletion or turnover, within 30 days the Contractor
shall furnish 2 sets of as-built drawings to the Contracting Oficer.

1.3 SUBM TTALS

Government approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the subnittal for the Governnent. The follow ng shall be
submtted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Interior Electrical Equipnent; G AE

Detail draw ngs consisting of equi pment draw ngs, illustrations,
schedul es, instructions, diagrams, and other information necessary
to define the installation. Detail draw ngs shall show the rating
of itens and systens and how the conponents of an item and system
are assenbl ed, function together, and how they will be installed
on the project. Data and draw ngs for conponent parts of an item
or system shall be coordinated and subnitted as a unit. Data and
drawi ngs shall be coordinated and included in a single submn ssion.

Mul ti pl e subm ssions for the sane equi pnent or system are not
accept abl e except where prior approval has been obtained fromthe
Contracting Oficer. In such cases, a list of data to be
subnitted later shall be included with the first subni ssion.
Detail drawi ngs shall show physical arrangement, construction
details, connections, finishes, materials used in fabrication,
provisions for conduit or busway entrance, access requirenents for
installation and mai nt enance, physical size, electrical
characteristics, foundation and support details, and equi pnent
wei ght. Drawi ngs shall be drawn to scal e and/or di nmensioned.
Optional itens shall be clearly identified as included or
excluded. Detail draw ngs shall as a minimumincl ude:

a. Mdtors and rotating machinery.
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b. Mot or control centers.

c. Single line electrical diagrans including prinmary,
nmetering, control wiring, and control |ogic.

d. Sway bracing for suspended | uninaires.

Structural draw ngs showi ng the structural or physical features
of mmj or equi pnent itens, conponents, assenblies, and structures,
i ncludi ng foundations or other types of supports for equi pnrent and
conductors. These drawi ngs shall include accurately scaled or
di mensi oned outline and arrangenment or |ayout drawi ngs to show the
physi cal size of equi pment and conponents and the relative
arrangenent and physical connection of related conponents.
Wei ghts of equi pnent, conponents and assenblies shall be provided
when required to verify the adequacy of design and proposed
construction of foundations or other types of supports. Dynamc
forces shall be stated for sw tching devices when such forces nust
be considered in the design of support structures. The
appropriate detail drawi ngs shall show the provisions for
| evel i ng, anchoring, and connecting all itens during installation
and shall include any recommendati ons nade by the manufacturer.

El ectrical draw ngs including single-line and three-line
di agrans, and schematics or elenmentary diagrans of each electrica
system internal wiring and field connection diagrans of each
el ectrical device when published by the manufacturer; wring
di agrans of cabinets, panels, units, or separate nountings;
i nterconnection diagranms that show the wiring between separate
conponents of assenblies; field connection diagranms that show the
term nation of wiring routed between separate itens of equipnent;
internal wiring diagranms of equipnent showing wiring as actually
provided for this project. Field wiring connections shall be
clearly identified.

I f departures fromthe contract draw ngs are deenmed necessary by
the Contractor, conplete details of such departures, including
changes in related portions of the project and the reasons why,
shal |l be subnitted with the detail drawi ngs. Approved departures
shal | be made at no additional cost to the Government.

SD- 03 Product Data
Fault Current and Protective Device Coordi nati on Study; G AE
Manufacturer's Catal og; G AO
Mat eri al , Equi prent, and Fixture Lists.

As-Built Draw ngs; G AO

The as-built drawi ngs shall be a record of the construction as

installed. The drawi ngs shall include all the infornmation shown
on the contract draw ngs, deviations, nodifications, and changes
fromthe contract draw ngs, however minor. The as-built draw ngs
shall be kept at the job site and updated daily. The as-built

drawi ngs shall be a full-sized set of prints marked to reflect al
devi ati ons, changes, and nodifications. The as-built draw ngs
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shal | be conplete and show the | ocation, size, dinmensions, part
identification, and other information. Additional sheets may be
added. The as-built draw ngs shall be jointly inspected for
accuracy and conpl eteness by the Contractor's quality control
representative and by the Contracting Oficer prior to the

submi ssion of each nonthly pay estimate. Upon conpletion of the
work, the Contractor shall submt three full sized sets of the
marked prints to the Contracting Officer for approval. |f upon
review, the as-built drawings are found to contain errors and/or
om ssions, they will be returned to the Contractor for correction.
The Contractor shall correct and return the as-built drawings to
the Contracting Oficer for approval within ten cal endar days from
the tine the drawings are returned to the Contractor.

SD-06 Test Reports
Factory Test Reports; G AO
Field Test Plan; G AE
Field Test Reports; G AO
Si x copies of the informati on described belowin 8 1/2 x 11 inch

bi nders having a minimumof 5 rings fromwhich material may
readily be renoved and replaced, including a separate section for
each test. Sections shall be separated by heavy plastic dividers
wi th tabs.

a. A list of equipnent used, with calibration certifications.

b. A copy of measurenents taken.

c. The dates of testing.

d. The equi pnent and val ues to be verified.

e. The conditions specified for the test.

f. The test results, signed and dat ed.

g. A description of adjustnents nade.

h. Final position of controls and device settings.

SD-07 Certificates
Mat eri al s and Equi prent; G AO
The | abel or listing of the Underwiters Laboratories, Inc.,

will be accepted as evidence that the materials or equi pment
conformto the applicable standards of that agency. |In lieu of
this label or listing, a statenent froma nationally recognized,
adequat el y equi pped testing agency indicating that the itenms have
been tested in accordance with required procedures and that the
mat eri al s and equi prent conply with all contract requirements will
be accepted. However, nmaterials and equi pment installed in
hazardous | ocations nust bear the UL | abel unless the data

submitted fromother testing agency is specifically approved in
writing by the Contracting Officer. Itens which are required to
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be listed and | abeled in accordance with Underwiters Laboratories
must be affixed with a UL | abel that states that it is UL listed
No exceptions or waivers will be granted to this requiremnent.
Materials and equi pmrent will be approved based on the

manuf acturer's published data.

For other than equi prrent and naterials specified to conformto
UL publications, a manufacturer's statenent indicating conplete
conmpliance with the applicable standard of the Anerican Society
for Testing and Materials, National Electrical Manufacturers
Associ ation, or other commercial standard, is acceptable.

4 WORKMANSHI P

Materi al s and equi prent shall be installed in accordance with NFPA 70,
recomrendati ons of the nmanufacturer, and as shown.

.5 SEI SM C REQUI REMENTS

Seismc details shall conformto Sections 13080 SElI SM C PROTECTI ON FOR
M SCELLANEQUS EQUI PMENT and 16070 SEI SM C PROTECTI ON FOR ELECTRI CAL
EQUI PMENT.

.6 | NTERI OR ELECTRI CAL EQUI PMENT

Detail draw ngs consisting of equi pment draw ngs, illustrations, schedul es,
instructions, diagrans, and other information necessary to define the
installation. Detail drawi ngs shall show the rating of itens and systens
and how the conponents of an item and system are assenbl ed, function
together, and how they will be installed on the project. Data and draw ngs
for component parts of an itemor system shall be coordinated and subnitted
as a unit. Data and draw ngs shall be coordinated and included in a single
subm ssion. Miltiple subm ssions for the same equi pment or system are not
accept abl e except where prior approval has been obtained fromthe
Contracting Officer. |In such cases, a list of data to be subnmitted | ater
shall be included with the first submission. Detail draw ngs shall show
physi cal arrangement, construction details, connections, finishes,
materials used in fabrication, provisions for conduit or busway entrance,
access requirenments for installation and mai ntenance, physical size,
electrical characteristics, foundation and support details, and equi pnent
wei ght. Draw ngs shall be drawn to scal e and/or di nensioned. Optiona
itenms shall be clearly identified as included or excluded. Detail draw ngs
shall as a m ni mum i ncl ude:

a. Mdtors and rotating machinery.
b. Modtor control centers.

c. Single line electrical diagrams including primry, netering,
control wiring, and control |ogic.

d. Sway bracing for suspended | uni naires.

Structural drawi ngs showi ng the structural or physical features
of maj or equi pnent itens, conponents, assenblies, and structures,
i ncludi ng foundations or other types of supports for equi prent and
conductors. These drawi ngs shall include accurately scaled or
di mensi oned outline and arrangenent or |ayout drawi ngs to show the
physi cal size of equi pment and conponents and the relative
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arrangenent and physical connection of related conponents.

Wei ghts of equi pnent, conponents and assenblies shall be provided
when required to verify the adequacy of design and proposed
construction of foundations or other types of supports. Dynamc
forces shall be stated for sw tching devices when such forces nust
be considered in the design of support structures. The
appropriate detail drawi ngs shall show the provisions for

| evel i ng, anchoring, and connecting all itens during installation
and shall include any recommendati ons nade by the manufacturer

El ectrical draw ngs including single-line and three-line
di agrans, and schenmatics or elenentary diagrans of each electrica
system internal wiring and field connection diagrans of each
el ectrical device when published by the manufacturer; wring
di agrans of cabinets, panels, units, or separate nountings;
i nterconnection diagrans that show the wiring between separate
conponents of assenblies; field connection diagrans that show the
termnation of wiring routed between separate itens of equipnent;
internal wiring diagrams of equipnment showing wiring as actually
provided for this project. Field wiring connections shall be
clearly identified.

If departures fromthe contract draw ngs are deened necessary by
the Contractor, conplete details of such departures, including
changes in related portions of the project and the reasons why,
shall be subnmitted with the detail drawi ngs. Approved departures
shall be nade at no additional cost to the Government.

7 FAULT CURRENT AND PROTECTI VE DEVI CE COCRDI NATI ON STUDY

The study shall be subnitted along with protective device equi pnent
submittals. No time extensions or simlar contract nodifications will be
granted for work arising out of the requirenents for this study. Approva
of protective devices proposed shall be based on recomendati ons of this
study, The Governnent shall not be held responsible for any changes to
equi pnent, device ratings, settings, or additional |abor for installation
of equi prent or devices ordered and/or procured prior to approval of the
st udy.

. 8 MANUFACTURER S CATALOG

Dat a conposed of catalog cuts, brochures, circulars, specifications,
product data, and printed information in sufficient detail and scope to
verify compliance with the requirenents of the contract docunents.

.9 MATERI AL, EQUI PMENT, AND FI XTURE LI STS

A conplete item zed listing of equiprment and naterials proposed for
incorporation into the work. Each entry shall include an item nunber, the
quantity of items proposed, and the nane of the nmanufacturer of each item

.10 FACTORY TEST REPORTS

Si x copies of the information described belowin 8 1/2 x 11 inch binders
having a mnimumof 5 rings fromwhich naterial nmay readily be renmoved and
repl aced, including a separate section for each test. Sections shall be
separated by heavy plastic dividers with tabs.

a. A list of equipnent used, with calibration certifications.
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b. A copy of measurenments taken
c. The dates of testing.
d. The equi pnent and val ues to be verified.
e. The conditions specified for the test.
f. The test results, signed and dat ed.
g. A description of adjustnents nade

1.11 FI ELD TEST PLAN

A detailed description of the Contractor's proposed procedures for onsite
test submtted 30 days prior to testing the installed system No field test
will be performed until the test plan is approved. The test plan shal
consi st of conplete field test procedures including tests to be perforned,
test equi prment required, and tolerance limts.

PART 2 PRODUCTS

Products shall conformto the respective publications and ot her

requi rements specified below. Mterials and equi prent not |isted bel ow
shall be as specified el sewhere in this section. Itens of the same
classification shall be identical including equipment, assenblies, parts,
and conponents.

2.1 CABLES AND W RES

Conductors No. 8 AWG and | arger dianeter shall be stranded. Conductors No.
10 AWG and smal |l er dianmeter shall be solid, except that conductors for
renote control, alarm and signal circuits, classes 1, 2, and 3, shall be
stranded unl ess specifically indicated otherw se. Conductor sizes and
anpaci ti es shown are based on copper, unless indicated otherw se. All
conductors shall be copper.

2.1.1 Equi prent Manuf act urer Requirenents
When manufacturer's equi pnment requires copper conductors at the
term nations or requires copper conductors to be provided between
conmponents of equi pnent, provi de copper conductors or splices, splice
boxes, and other work required to nmeet manufacturer's requirenents.

2.1.2 Alum num Conduct ors
Al umi num conductors shall not be used.

2.1.3 I nsul ation
Unl ess indicated otherw se, or required by NFPA 70, power and lighting
wires shall be 600-volt, Type THWN THHN conforming to UL 83, except that
grounding wire may be type TWconfornming to UL 83; renote-control and
signal circuits shall be Type TW THWor TF, confornming to UL 83. Were
lighting fixtures require 90-degree Centigrade (C) conductors, provide only
conductors with 90-degree C insulation or better.

2.1. 4 Bondi ng Conductors
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ASTM B 1, solid bare copper wire for sizes No. 8 AW and snal |l er dianeter;
ASTM B 8, O ass B, stranded bare copper wire for sizes No. 6 AWG and | arger
di aneter.

2.2 Cl RCU T BREAKERS
2.2.1 MOLDED- CASE Cl RCUI T BREAKERS

Mol ded-case circuit breakers shall conformto NEMA AB 1 and UL 489.
Circuit breakers may be installed in panel boards, sw tchboards, notor
control centers, or conbination nbtor controllers.

2.2.1.1 Constructi on

Circuit breakers shall be suitable for nmounting and operating in any
position. Lug shall be listed for copper conductors in accordance with UL
486E. Single-pole circuit breakers shall be full nmodule size with not nore
than one pole per module. Milti-pole circuit breakers shall be of the
common-trip type having a single operating handl e such that an overl oad or
short circuit on any one pole will result in all poles opening

simul taneously. Sizes of 100 anperes or |ess may consist of single-pole
breakers permanently factory assenbled into a nulti-pole unit having an

i nternal, nmechanical, nontanperable common-trip mechani smand externa
handle ties. Al circuit breakers shall have a qui ck-nmake, quick-break
overcenter toggl e-type mechanism and the handl e mechani sm shall be
trip-free to prevent holding the contacts cl osed against a short-circuit or
sustai ned overload. All circuit breaker handl es shall assune a position
between "ON' and "OFF" when tripped automatically. Al ratings shall be
clearly visible.

2.2.1.2 Rat i ngs

Vol tage ratings shall be not |ess than the applicable circuit voltage. The
interrupting rating of the circuit breakers shall be at |east equal to the
avai |l abl e short-circuit current at the line termnals of the circuit
breaker and correspond to the UL listed integrated short-circuit current
rating specified for the panel boards and sw tchboards. Ml ded-case circuit
breakers shall have nom nal voltage ratings, maxi mum continuous-current
ratings, and nmaxi mum short-circuit interrupting ratings in accordance with
NEMA AB 1. Series rated breakers are not acceptabl e.

2.2.1.3 Thernal -Magnetic Trip El enents
Thermal magnetic circuit breakers shall be provided as shown. Automatic
operation shall be obtained by neans of thernal -nagnetic tripping devices
| ocated in each pole providing inverse tinme delay and instantaneous circuit
protection.

2.3 CONDUI T AND TUBI NG

2.3.1 El ectrical, Zinc-Coated Steel Metallic Tubing (EM)
uL 797

2.3.2 Fl exi bl e Conduit, Stee

General - purpose type, UL 1; liquid tight, UL 360.
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2.

3.3 I nternedi ate Metal Conduit

UL 1242.

. 3.4 PVC Coated Rigid Steel Conduit

NEMA RN 1.

.3.5 Rigid Metal Conduit

UL 6.

.4 CONDUI T AND DEVI CE BOXES AND FI TTI NGS

Set-screw fittings for use with EMI conduits shall not be pernitted.
Fl exi bl e nmetal conduit shall use conpression type fittings and no couplings.

4.1 Boxes, Metallic Qutl et

NEMA OS 1 and UL 514A

. 4.2 Boxes, Qutlet for Use in Hazardous (C assified) Locations

UL 886.

. 4.3 Boxes, Switch (Encl osed), Surface-Munted

UL 98.

4.4 Fittings for Conduit and Qutl et Boxes

UL 514B.

. 4.5 Fittings For Use in Hazardous (C assified) Locations

UL 886.

.5 CONDUI T COATI NGS PLASTI C RESIN SYSTEM

NEMA RN 1, Type A-40.

.6 CONNECTORS, W RE PRESSURE

.6.1 For Use Wth Copper Conductors

UL 486A.

T ELECTRI CAL GROUNDI NG AND BONDI NG EQUI PMENT

UL 467.

7.1 Ground Rods

Ground rods shall be of copper-clad steel conformng to UL 467 not |ess
than 3/4 inch in dianeter by 10 feet in length driven full length into the
earth.

. 8 ENCL OSURES
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NEMA I CS 6 or NEMA 250 or UL 698 for use in hazardous (classified)
| ocations, unless otherw se specified.

2.8.1 Cabi nets and Boxes

Cabi nets and boxes with volune greater than 100 cubic inches shall be in
accordance with UL 50, hot-dip, zinc-coated, if sheet steel

2.9 LI GHTI NG FI XTURES, LAMPS, BALLASTS, EMERGENCY EQUI PMENT, CONTROLS AND
ACCESSORI ES

The foll owi ng specifications are supported and suppl enented by information
and details on the drawings. Additional fixtures, if shown, shall conform
to this specification. Lighting equipment installed in classified
hazardous | ocations shall conformto UL 844. Lanps, |anphol ders, ballasts,
transfornmers, electronic circuitry and other |ighting system conponents
shal | be constructed according to industry standards. Equi pnment shall be
tested and |isted by a recogni zed i ndependent testing |aboratory for the
expected installation conditions. Equipnent shall conformto the standards
listed bel ow

2.9.1 Lanps

Lanps shall be constructed to operate in the specified fixture, and shal
function without derating life or output as listed in published data.
Lanps shall nmeet the requirenents of the Energy Policy Act of 1992.

a. Fluorescent |anps shall have col or tenperature 3,500degrees
Kel vin. They shall be designed to operate with the ballasts and
circuitry of the fixtures in which they will be used. Fluorescent
I anps, including spares, shall be manufactured by one manufacturer
to provide for color and performance consistency. Fluorescent
| anps shall conply with ANSI C78.1. Fluorescent tube |anp
efficiencies shall neet or exceed the foll owi ng requirenents.

T8, 32 watts (4" 1amp) 2800 | unens

(1) Linear fluorescent |anps, unless otherw se indicated, shal

be 4 feet long 32 watt T8, 265 mA, with mininum CRI of 75. Lanps

of other lengths or types shall be used only where specified or

shown. Lanps shall deliver rated |ife when operated on rapid start
bal | asts.

b. Hgh intensity discharge |anps, including spares, shall be
manuf actured by one manufacturer in order to provide col or and
performance consistency. High intensity discharge |anps shall be
designed to operate with the ballasts and circuitry of the
fixtures in which they will be used and shall have wattage, shape
and base as shown. High intensity discharge |anps, unless
ot herwi se shown, shall have nedi um or nogul screw base and m ni mum
starting tenperature of -20 degrees F. Metal halide | anps, unless
ot herwi se shown, shall have mnimum CRI of 65; color tenperature
of 4,300 degrees Kelvin; shall be -BU configuration if used in
base-up position. Lanps shall conply with all applicable ANS
requirenents for the watttage indicated

2.9.2 Bal | asts and Transforners
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Bal | asts or transfornmers shall be designed to operate the designated |anps
within their optimmspecifications, w thout derating the |anps. Lanp and
bal | ast conbi nati ons shall be certified as acceptable by the | amp
manuf act urer.

a. Fluorescent ballasts shall conply with ANSI C82.1 and shall be
nounted integrally within fluorescent fixture housing unless
ot herwi se shown. Ballasts shall have maxi mum current crest factor
of 1.7; high power factor; Cass A sound rating; nmaximm operating
case tenperature of 77 degrees F above anbient; and shall be rated
Class P. Unless otherw se indicated, the m ni num nunber of
bal | asts shall be used to serve each individual fixture.

(1) Electronic fluorescent ballasts shall conmply with 47 CFR 18
for electromagnetic interference. Ballasts shall withstand |ine
transients per | EEE C62.41, Category A. Ballasts shall have total
harnoni ¢ distortion between 10 and 20% mi ni num frequency of

20, 000Hz; filanent voltage between 2.5 and 4.5 volts; nmaxi num
starting inrush current of 20 anperes; and shall conply with the
m ni mum Bal | ast Efficacy Factors shown in the table bel ow.

M nimum starting tenperature shall be 50 degrees F. Ballasts
shall carry a manufacturer's full warranty of three years,

i ncluding a nininmum $10 | abor all owance per ball ast.

ELECTRONI C FLUORESCENT BALLAST EFFI CACY FACTORS

LAMP TYPE OF NOM NAL NUVBER M NI MUM
TYPE STARTER OPERATI ONAL OF BALLAST
& LAMP VOLTAGE LAMPS EFFI CACY
FACTOR
32W T8 rapid 120 or 277 V 1 2.54
start 2 1. 44
i near 3 0.93
4 0.73

2.

b. Hgh intensity discharge ballasts shall conply with UL 1029 and,
if multiple supply types, with ANSI C82.4. Ballasts shall have
m ni mum bal | ast factor of 0.9; high power factor; Cass A sound
rati ng; and maxi mum operating case tenperature of 77 degrees F
above anbi ent.

(1) Electronic high intensity discharge ballasts shall be
constant wattage autotransformer type; shall have |less than 10%
bal | ast | oss; shall have total harnonic distortion between 10 and
20% and shall have a mininmnumstarting tenperature of 0 degrees F.

(2) Magnetic high intensity discharge ballasts shall have a
m ni mum starting tenperature of -20 degrees F.

9.3 Fi xtures

Fi xtures shall be in accordance with the size, shape, appearance, finish,
and performance shown. Unless otherw se indicated, lighting fixtures shal
be provided with housings, junction boxes, wiring, |anpholders, mounting
supports, trim hardware and accessories for a conplete and operable
installation. Recessed housings shall be mninmm 20 gauge cold rolled or
gal vani zed steel as shown. Extruded al um num fixtures shall have m ni mum
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wal | thickness of 0.125 inches. Plastic |enses shall be 100% virgin
acrylic or as shown. dass |lenses shall be tenpered. Heat resistant glass
shal | be borosilicate type. Conoi d recessed refl ector cones shall be

Al zak with clear specular lowiridescent finish

a. Fluorescent fixtures shall conply with UL 1570. Recessed ceiling
fixtures shall conply with NEMA LE 4. Fixtures shall be plainly
mar ked for proper lanp and ballast type to identify | anp di aneter
wattage, color and start type. Marking shall be readily visible
to service personnel, but not visible fromnornmal view ng angl es.
Fl uorescent fixture lens franes on recessed and surface nounted
troffers shall be one assenbly with nmitered corners. Parabolic
| ouvers shall have a low iridescent finish and 45 degree cut-off.
Louver intersection joints shall be hairline type and shal
conceal nounting tabs or other assenbly nethods. Louvers shall be
free fromblenmi shes, lines or defects which distort the visua
surface. Integral ballast and wireway conpartnents shall be
easily accessible without the use of special tools. Housings
shal |l be constructed to include groundi ng necessary to start the
| anps. Medi um bi -pi n | anphol ders shall be twist-in type with
positive | ocking position.

H gh intensity discharge fixture shall conply with UL 1572.
Lanphol ders shall be pulse-rated to 5,000 volts. Fixtures
i ndicated as classified or rated for hazardous | ocations or
speci al service shall be designed and independently tested for the
environnent in which they are installed. Ballasts shall be
integral to fixtures and shall be accessible w thout the use of
special tools. Lanps shall be shielded fromdirect viewwith a W
absorbing material such as tenpered glass, and shall be circuited
through a cut-off switch which will shut off the lanp circuit if
the lens is not in place.
c. Energency lighting accessories shall be constructed and
i ndependently tested to neet the requirenments of applicable codes.
Batteries shall be Nicad or equal with no required naintenance,
and shall have a minimumlife expectancy of five years and
warranty period of three years.
2.9.4 Lanphol ders, Starters, and Starter Hol ders
UL 542
2.10 LOW VOLTAGE FUSES AND FUSEHOLDERS
2.10.1 Fuses, Low Voltage Cartridge Type
NEMA FU 1.
2.10.2 Fuses, High-Interrupting-Capacity, Current-Limting Type
Fuses, C ass CC shall be in accordance with UL 198C
2.10.3 Fuses, O ass K, Hi gh-Interrupting-Capacity Type
UL 198D

2.10.4 Fuses, Class R
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UL 198E
2.10.5 Fuses for Supplementary Overcurrent Protection
UL 198G
2.10.6 Fuses, D-C for Industrial Use
UL 198L.
2.10.7 Fusehol ders
UL 512.
2.11 I NSTRUVENTS, ELECTRI CAL | NDI CATI NG
ANSI C39. 1.
2.12 MOTORS, AC, FRACTI ONAL AND | NTEGRAL

Motors, ac, fractional and integral horsepower, 500 hp and small er shal
conformto NEMA MG 1 and UL 1004 for nmotors; NEMA MG 10 for energy
managenent sel ection of pol yphase notors; and UL 674 for use of nmotors in
hazardous (classified) locations. |In addition to the standards listed
above, notors shall be provided with efficiencies as specified in the table
"M NI MUM NOM NAL EFFI Cl ENCI ES" bel ow.

2.12.1 Rat i ng

The horsepower rating of nmotors should be limted to no nore than 125
percent of the maxi mum | oad being served unl ess a NEMA standard size does
not fall within this range. 1In this case, the next |arger NEMA standard
not or size shoul d be used.

2.12.2 Mot or Effici encies

Al'l permanently wired pol yphase notors of 1 hp or nmore shall neet the

m nimum full -1 oad efficiencies as indicated in the follow ng table, and as
specified in this specification. Mtors of 1 hp or nore with open, drip
proof or totally enclosed fan cool ed encl osures shall be high efficiency
type, unless otherwise indicated. Mdtor efficiencies indicated in the
tabl es apply to general - purpose, single-speed, polyphase induction notors.
Applications which require definite purpose, special purpose, special
frame, or special nounted pol yphase induction notors are excluded from
these efficiency requirements. Mtors provided as an integral part of
notor driven equi pnent are excluded fromthis requirenment if a mninmm
seasonal or overall efficiency requirement is indicated for that equi pnent
by the provisions of another section.

TOTALLY ENCLOSED FAN- COOLED MOTCRS

HP 1200 RPN 1800 RPN 3600 RPM
1 82.5 85.5 78.5
1.5 87.5 86.5 85.5
2 88.5 86.5 86.5
3 89.5 89.5 88.5
5 89.5 89.5 89.5
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7.5 91.7 91.7 91.0
10 91.7 91.7 91.7
15 92.4 92.4 91.7
20 92.4 93.0 92.4
25 93.0 93.6 93.0
30 93.6 93.6 93.0
40 94.1 94.1 93.6
50 94.1 94.5 94.1
60 94.5 95.0 94.1
75 95.0 95.4 94.5

100 95. 4 95. 4 95.0
125 95. 4 95. 4 95. 4
150 95.8 95.8 95.4
200 95.8 96. 2 95.8
250 95.6 96. 2 95.9

2.13 MOTOR CONTROLS AND MOTOR CONTROL CENTERS
2.13.1 CGener a
NEMA ICS 1, NEMA ICS 2, NEMA ICS 3 and NEMA ICS 6, and UL 508 and UL 845
2.13.2 Motor Starters
Conbi nation starters shall be provided with circuit breakers.
2.13.2.1 Reduced- Vol tage Starters
Reduced-vol tage starters shall be of the single-step autotransforner type
havi ng an adjustable time interval between application of reduced and ful
voltages to the notors.
2.13.3 Ther mal - Over|l oad Protection
Each notor of 1/8 hp or larger shall be provided with thernal-overl oad
protection. Polyphase notors shall have overload protection in each
ungr ounded conductor. The overl oad-protection device shall be provided
either integral with the notor or controller. Unless otherw se specified,
the protective device shall be of the manually reset type.
2.13.4 Automatic Control Devices
2.13.4.1 Pi |l ot - Rel ay Contr ol
Where the automatic-control device (such as thernostats, float or pressure
swi tches) does not have an adequate horepower rating, a nagnetic starter
shal |l be used, with the automatic-control device actuating the
pilot-control circuit.
2.13.4.2 Manual / Aut omati ¢ Sel ecti on
a. Were conbination nanual and automatic control is specified and
the automatic-control device actuates the pilot control circuit of
a magnetic starter, the magnetic starter shall be provided with a
three-position selector switch marked MANUAL- OFF- AUTOVATI C
b. Connections to the selector switch shall be such that; only the
normal autonmatic regulatory control devices will be bypassed when
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the switch is in the Manual position; all safety control devices,
such as | ow or high-pressure cutouts, high-tenperature cutouts,
and notor-overl oad protective devices, shall be connected in the
notor-control circuit in both the Manual and the Autonatic
positions of the selector switch. Control circuit connections to
any MANUAL- OFF- AUTOVATIC switch or to nore than one autonatic
regul atory control device shall be nmade in accordance with wiring
di agram approved by the Contracting Oficer unless such diagramis
i ncluded on the drawings. All controls shall be 120 volts or |ess
unl ess ot herw se i ndi cat ed.
2.13.5 Mot or Control Centers
Control centers shall conformto the requirenments of NEMA ICS 1, NEMA ICS 2,
NEMA ICS 3 and NEMA ICS 6, and UL 508 and UL 845. Control centers shall be
i ndoor type and shall contain conbination starters and ot her equi prent as
indicated. Control centers shall be NEMA ICS 2, Cass IlI, Type C. Each
control center shall be nounted on floor sills or nounting channels. Each
circuit shall have a suitable netal or |am nated plastic naneplate with
white cut letters. Mtor control centers shall be provided with a
full-l1ength ground bus bar.
2.14 RECEPTACLES
2.14.1 Standard Grade
UL 498.
2.14.2 Ground Fault Interrupters
UL 943, dass A
2.14.3 NEMA St andard Receptacl e Configurations
NEMA VD 6.
a. Duplex, 15-Anmpere, 125 Volt
15- anpere, non-locking: NEMA type 5-15R
2.15 SPLI CE, CONDUCTOR
UL 486C.
2.16 PONER- SW TCHGEAR ASSEMBLI ES | NCLUDI NG SW TCHBOARDS
2.16.1 Crcuit Breakers
Circuit breakers shall be stationarynol ded-case circuit breakers.
2.17 SNAP SW TCHES
UL 20.
2.18 TAPES
2.18.1 Pl astic Tape

UL 510.
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2.18.2 Rubber Tape
UL 510.
2.19 WRI NG DEVI CES

NEMA WD 1 for wiring devices, and NEMA WD 6 for di nensional requirenments of
Wi ring devices.

2.20 COORDI NATED PONER SYSTEM PROTECTI ON

Anal yses shall be prepared to denonstrate that the equi pment and system
constructed neet the specified requirenents for equipnent ratings,

coordi nation, and protection. They shall include a |load flow analysis, a
fault current analysis, and protective device coordination study. The
studi es shall be perforned by a registered professional engineer with
denonstrated experience in power systemcoordination in the last three
years. The Contractor shall provide a list of references conplete with
poi nts of contact, addresses and tel ephone nunbers. The sel ection of the
engi neer is subject to the approval of the Contracting Oficer.

2.20.1 Scope of Anal yses

The fault current analysis, and protective device coordi nati on study shal
begin at: the nearest upstreamdevice in the existing source system and
extend through the downstream devices at the | oad end.

2.20.2 Determ nati on of Facts

The tine-current characteristics, features, and naneplate data for each

exi sting protective device shall be determ ned and docunmented. The
Contractor shall coordinate with the Base for fault current availability at
the site.

2.20.3 Singl e Line Di agram

A single line diagram shall be prepared to show the electrical system
buses, devices, transformation points, and all sources of fault current
(including generator and notor contributions). A fault-inpedance di agram
or a conputer analysis diagram nmay be provided. Each bus, device or
transformation point shall have a unique identifier. |If a fault-inpedance
diagramis provide, inpedance data shall be shown. Locations of swtches,
breakers, and circuit interrupting devices shall be shown on the diagram
together with available fault data, and the device interrupting rating.

2.20.4 Fault Current Analysis
2.20.4.1 Met hod

The fault current analysis shall be performed in accordance w th methods
described in | EEE Std 242, and | EEE Std 399.

2.20.4.2 Dat a
Actual data shall be utilized in fault cal cul ations. Bus characteristics

and transforner inpedances shall be those proposed. Data shall be
docunented in the report.
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2.20.4.3 Fault Current Availability

Bal anced t hree-phase fault, bolted line-to-line fault, and line-to-ground
fault current values shall be provided at each voltage transfornmation point
and at each power distribution bus. The maxi num and m ni num val ues of
fault avail able at each |ocation shall be shown in tabular formon the
diagramor in the report.

2.20.5 Coor di nati on Study

The study shall denonstrate that the nmaxi mum possi bl e degree of selectivity
has been obtai ned bet ween devi ces specified, consistent with protection of
equi prent and conductors from damage from overl oads and fault conditions.
The study shall include a description of the coordination of the protective
devices in this project. Provide a witten narrative that describes: which
devices may operate in the event of a fault at each bus; the logic used to
arrive at device ratings and settings; situation where system coordi nation
is not achievable due to device limtations (an anal ysis of any device
curves which order overlap); coordination between upstream and downstream
devices; and relay settings. Recomendations to inprove or enhance system
reliability, and detail where such changes woul d invol ve additions or

nodi fications to the contract and cost changes (addition or reduction)

shal | be provided. Conposite coordination plots shall be provided on

| og-1 0og graph paper.

2.20.6 St udy Report

a. The report shall include a narrative: the analyses perforned; the
bases and met hods used; and the desired nmethod of coordinated
protection of the power system

b. The study shall include descriptive and technical data for
exi sting devices and new protective devices proposed. The data
shal | include manufacturers published data, naneplate data, and

definition of the fixed or adjustable features of the existing or
new protective devices.

c. The report shall docunent utility conpany data including system
vol tages, fault MVA, system X'R ratio, time-current characteristic
curves, current transformer ratios, and relay device curves and
protective device ratings and settings.

d. The report shall contain fully coordi nated conposite tine-current
characteristic curves for each bus in the system as required to
ensure coordi nated power system protection between protective
devices or equipnent. The report shall include reconmrended
rati ngs and settings of all protective devices in tabulated form

e. The report shall provide the calculations performed for the
anal yses, including conputer analysis programs utilized. The nane
of the software package, devel oper, and version number shall be
provi ded.
PART 3 EXECUTI ON
3.1 GROUNDI NG
Grounding shall be in confornmance with NFPA 70, the contract draw ngs, and
the follow ng specifications.
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3.

1.1 G ound Rods

The resistance to ground shall be nmeasured using the fall-of-potentia

net hod described in |EEE Std 81. The maxi num resi stance of a driven ground
shal | not exceed 25 ohns under nornmally dry conditions. |If this resistance
cannot be obtained with a single rod, 2 additional rods not |less than 10
feet on centers, or if sectional type rods are used, 2 additional sections
may be coupled and driven with the first rod. 1In high-ground-resistance,
UL listed chenmically charged ground rods may be used. |If the resultant

resi stance exceeds 25 ohns nmeasured not |ess than 48 hours after rainfall
the Contracting O ficer shall be notified i mediately. Connections bel ow
grade shall be fusion welded. Connections above grade shall be fusion

wel ded or shall use UL 467 approved connectors.

1.2 Groundi ng Conductors

A green equi pnent groundi ng conductor, sized in accordance with NFPA 70
shal | be provided, regardl ess of the type of conduit. Equipnent grounding
bars shall be provided in all panel boards. The equi prrent groundi ng
conductor shall be carried back to the service entrance groundi ng
connection or separately derived groundi ng connection. All equipnent
groundi ng conductors, including netallic raceway systens used as such,
shal | be bonded or joined together in each wiring box or equi pnent
enclosure. Metallic raceways and groundi ng conductors shall be checked to
assure that they are wired or bonded into a conmmon junction. Metallic
boxes and encl osures, if used, shall also be bonded to these grounding
conductors by an approved neans per NFPA 70. Wen swi tches, or other
utilization devices are installed, any designated grounding term nal on
these devices shall also be bonded to the equi pnent groundi ng conduct or
junction with a short junper.

.2 W RI NG METHODS

Wring shall conformto NFPA 70, the contract draw ngs, and the follow ng
specifications. Unless otherw se indicated, wiring shall consist of
i nsul ated conductors installed in rigid zinc-coated steel conduit ,

electrical netallic tubing, or intermediate metal conduit. Wre fill in
conduits shall be based on NFPA 70 for the type of conduit and wire
insul ations specified. Wre fill in conduits |located in Class | or |

hazardous areas shall be linmted to 25 percent of the cross sectional area
of the conduit.

2.1 Condui t and Tubi ng Systemns

Conduit and tubing systens shall be installed as indicated. Conduit sizes
shown are based on use of copper conductors with insulation types as
described in paragraph WRI NG METHODS. M ni nrum si ze of raceways shall be
1/2 inch. Only nmetal conduits will be pernitted when conduits are required
for shielding or other special purposes indicated, or when required by
conformance to NFPA 70. Electrical nmetallic tubing (EMI) nmay be installed
only within buildings. EMI may be installed in concrete and grout in dry
| ocations. EMI installed in concrete or grout shall be provided with
concrete tight fittings. EMI shall not be installed in danp or wet

| ocations, or the air space of exterior masonry cavity walls. Bushings,
manuf actured fittings or boxes providing equival ent neans of protection
shall be installed on the ends of all conduits and shall be of the
insulating type, where required by NFPA 70. Only UL |listed adapters shal
be used to connect EMI to rigid netal conduit, cast boxes, and conduit
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bodi es. Except as otherw se specified, |MC may be used as an option for
rigid steel conduit in areas as permtted by NFPA 70. Raceways shall not
be installed under the firepits of boilers and furnaces and shall be kept 6
inches away from parallel runs of flues, steam pipes and hot-water pipes.
Raceways shall be concealed within finished walls, ceilings, and floors

unl ess otherwi se shown. Raceways crossing structural expansion joints or
seisnmic joints shall be provided with suitable expansion fittings or other
sui tabl e neans to compensate for the buil di ng expansi on and contracti on and
to provide for continuity of grounding.

3.2.1.1 Pull Wres

A pull wire shall be inserted in each enpty raceway in which wiring is to
be installed if the raceway is nmore than 50 feet in |l ength and contains
nore than the equival ent of two 90-degree bends, or where the raceway is
nore than 150 feet in length. The pull wire shall be of No. 14 AWG
zinc-coated steel, or of plastic having not |ess than 200 pounds per square
inch tensile strength. Not less than 10 i nches of slack shall be left at
each end of the pull wire.

3.2.1.2 Condui t St ub- Ups

Where conduits are to be stubbed up through concrete floors, a short el bow
shall be installed below grade to transition fromthe horizontal run of
conduit to a vertical run. Wring shall be extended in rigid threaded
conduit to equi pment, except that where required, flexible conduit may be
used 6 inches above the fl oor.

3.2.1.3 Bel ow Sl ab-on-Grade or in the G ound

El ectrical wiring bel ow sl ab-on-grade shall be protected by a conduit
system Conduit passing vertically through sl abs-on-grade shall be
PVC-coated rigid steel or IMC. Rigid steel or IMC conduits installed bel ow
sl ab-on-grade or in the earth shall have a factory-applied pol yvinyl
chloride, plastic resin, or epoxy coating system

3.2.1.4 Changes in Direction of Runs

Changes in direction of runs shall be nade with symetrical bends or
cast-netal fittings. Field-nmade bends and offsets shall be nmade with an
approved hi ckey or conduit-bending nachine. Crushed or deforned raceways
shall not be installed. Trapped raceways in danp and wet | ocations shall be
avoi ded where possible. Lodgnment of plaster, dirt, or trash in raceways,
boxes, fittings and equi pnent shall be prevented during the course of
construction. C ogged raceways shall be cleared of obstructions or shal

be repl aced.

3.2.1.5 Supports

Metal lic conduits and tubing,and the support systemto which they are
attached, shall be securely and rigidly fastened in place to prevent
vertical and horizontal novenent at intervals of not nore than 10 feet and
within 3 feet of boxes, cabinets, and fittings, with approved pipe straps,
wal | brackets, conduit clanps, conduit hangers, threaded C-cl anps, beam
clanps, or ceiling trapeze. Loads and supports shall be coordinated with
supporting structure to prevent damage or deformation to the structure.
Loads shall not be applied to joist bridging. Attachment shall be by
toggle bolts on hollow masonry units; by expansion bolts on concrete or
brick; by machine screws, welded threaded studs, heat-treated or
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spring-steel -tension clanps on steel work. Nail-type nylon anchors or
threaded studs driven in by a powder charge and provided with | ock washers
and nuts may be used in lieu of expansion bolts or machi ne screws.

Raceways or pipe straps shall not be welded to steel structures. In
partitions of light steel construction, sheet-netal screws nmay be used.
Raceways shall not be supported using wire or nylon ties. Raceways shal

be i ndependently supported fromthe structure. Upper raceways shall not be
used as a neans of support for |ower raceways. Supporting neans shall not
be shared between el ectrical raceways and mechani cal piping or ducts.

Cabl es and raceways shall not be supported by ceiling grids. Except where
permtted by NFPA 70, wiring shall not be supported by ceiling support
systens. Conduits shall be fastened to sheet-nmetal boxes and cabinets with
two | ocknuts where required by NFPA 70, where insulating bushings are used,
and where bushi ngs cannot be brought into firmcontact with the box;

ot herwi se, a single | ocknut and bushing nay be used. Threadless fittings
for electrical nmetallic tubing shall be of a type approved for the
conditions encountered. Additional support for horizontal runs is not

requi red when EMI rests on steel stud cutouts.

3.2.1.6 Exposed Raceways

Exposed raceways shall be installed parallel or perpendicular to walls,
structural nenbers, or intersections of vertical planes and ceilings.
Raceways above accessible ceilings shall be considered as exposed
installations in accordance with NFPA 70 definitions.

3.2.1.7 Conmuni cati ons Raceways

Conmruni cati ons raceways indicated shall be installed in accordance with the
previous requirenents for conduit and tubing and with the additiona

requi rement that no length of run shall exceed 50 feet for 1/2 inch and 3/4
inch sizes, and 100 feet for 1 inch or |larger sizes, and shall not contain
nore than two 90-degree bends or the equivalent. Additional pull or
junction boxes shall be installed to conply with these |imtations whether
or not indicated. Inside radii of bends in conduits of 1 inch size or

| arger shall not be less than ten tines the nom nal dianeter

3.2.2 Cabl es and Conductors
Installation shall conformto the requirenments of NFPA 70.
3.2.2.1 Si zi ng

Unl ess ot herwi se noted, all sizes are based on copper conductors and the
insul ation types indicated. Sizes shall be not |ess than indicated.
Branch-circuit conductors shall be not snmaller than No. 12 AWG Conductors
for branch circuits of 120 volts nore than 100 feet |long and of 277 volts
nore than 230 feet long, frompanel to |oad, shall be no smaller than No.
10 AW Cass 1 rempte control and signal circuit conductors shall be not
less than No. 14 AW C ass 2 renmote control and signal circuit conductors
shall be not less than No. 16 AWG O ass 3 | owenergy, renote-control and
signal circuits shall be not |ess than No. 22 AWG

3.2.2.2 Use of Al um num Conductors in Lieu of Copper
Al um num conduct ors shall not be used.

3.2.2.3 Conduct or Splicing
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3.

3.

Splices shall be nade in an accessible |ocation.

a. Copper Conductors, 600 Volt and Under: Splices in conductors No.
10 AWG and snal | er dianmeter shall be nmade with an insul ated,
pressure-type connector. Splices in conductors No. 8 AWG and
| arger dianeter shall be nmade with a sol derl ess connector and
insulated with tape or heat-shrink type insulating materi al
equi val ent to the conductor insulation

3.2.2.4 Conductor ldentification and Taggi ng

Power, control, and signal circuit conductor identification shall be
provided within each enclosure where a tap, splice, or termnation is nmade.
VWere several feeders pass through a comon pull box, the feeders shall be
tagged to indicate clearly the electrical characteristics, circuit nunber,
and panel designation. Phase conductors of |ow voltage power circuits
shall be identified by color coding. Phase identification by a particular
col or shall be mmintained continuously for the length of a circuit,

i ncludi ng junctions.

a. Color coding shall be provided for service, feeder, branch, and
ground conductors. Color shall be green for groundi ng conductors
and white for neutrals; except where neutrals of nore than one
systemare installed in the sane raceway or box, other neutra
shall be white with colored (not green) stripe. The color coding
for 3-phase and singl e-phase | ow voltage systens shall be as
fol |l ows:

120/ 208-volt, 3-phase: Black(A), red(B), and blue(C
277/ 480-vol t, 3-phase: Brown(A), orange(B), and yell ow(C).

b. Conductor phase and voltage identification shall be made by
color-coded insulation for all conductors snaller than No. 6 AWG
For conductors No. 6 AWG and | arger, identification shall be nade
by col or-coded insulation, or conductors with black insulation may
be furnished and identified by the use of half-Iapped bands of
colored electrical tape wapped around the insulation for a
m ni mum of 3 inches of length near the end, or other nethod as
submitted by the Contractor and approved by the Contracting
Oficer.

c. Control and signal circuit conductor identification shall be nade
by col or-coded insul ated conductors, plastic-coated sel f-sticking
printed markers, permanently attached stanped netal foil markers,
or equival ent neans as approved. Control circuit termnals of
equi pnent shall be properly identified. Term nal and conductor
identification shall match that shown on approved detail draw ngs.

Hand lettering or marking is not acceptable.

3 BOXES AND SUPPORTS

Boxes shall be provided in the wiring or raceway systens where required by
NFPA 70 for pulling of wires, making connections, and nounting of devices
or fixtures. Pull boxes shall be furnished with screwfastened covers.

I ndi cated el evati ons are approxi mate, except where mini num nounting hei ghts
for hazardous areas are required by NFPA 70. Unless otherw se indicated,
boxes for wall switches shall be nmounted 48 i nches above finished floors.

3.1 Box Appli cations
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Each box shall have not | ess than the volune required by NFPA 70 for numnber
of conductors enclosed in box. Boxes for nmetallic raceways shall be |isted
for the intended use when located in normally wet |ocations, when flush or
surface nounted on outside of exterior surfaces, or when |located in
hazardous areas. Boxes installed in wet |ocations and boxes installed
flush with the outside of exterior surfaces shall be gasketed. Boxes for
mounting lighting fixtures shall be not |ess than 4 inches square, or

oct agonal , except snaller boxes may be installed as required by fixture
configuration, as approved. Cast-nmetal boxes with 3/32 inch wall thickness
are acceptable. Large size boxes shall be NEMA 1, 3R, 7, or as shown.
Boxes for use in masonry-block or tile walls shall be square-cornered,
tile-type, or standard boxes having square-cornered, tile-type covers.

3.3.2 Brackets and Fasteners

Boxes and supports shall be fastened with bolts and netal expansion shields
on concrete or brick, with toggle bolts on hollow masonry units, and with
machi ne screw or wel ded studs on steel work. Threaded studs driven in by
powder charge and provided with | ockwashers and nuts, or nail-type nylon
anchors may be used in |lieu of expansion shields, or machine screws. The
use of brackets which depend on gypsum wal | board or pl asterboard for
primary support will not be permtted. |In partitions of |ight stee
construction, bar hangers with 1 inch |ong studs, nmounted between netal
wal | studs or nmetal box nounting brackets shall be used to secure boxes to
the building structure. Wen metal box nounting brackets are used,
addi ti onal box support shall be provided on the side of the box opposite
the brackets. This additional box support shall consist of a mninmm12
inch long section of wall stud, bracketed to the opposite side of the box
and secured by two screws through the wall board on each side of the stud.
Metal screws may be used in lieu of the netal box nounting brackets.

3.3.3 Mounting in Walls, Ceilings, or Recessed Locations

In walls or ceilings of concrete, tile, or other non-conbustible material,
boxes shall be installed so that the edge of the box is not recessed nore
than 1/4 inch fromthe finished surface. Boxes nounted in conbustible
walls or ceiling material shall be mounted flush with the finished surface.
The use of gypsum or plasterboard as a means of supporting boxes will not
be permitted. Boxes installed for concealed wiring shall be provided with
sui tabl e extension rings or plaster covers, as required. The bottom of
boxes installed in masonry-block walls for conceal ed wiring shall be
nmounted flush with the top of a block to minimize cutting of the bl ocks,
and boxes shall be located horizontally to avoid cutting webs of bl ock.
Separ ate boxes shall be provided for flush or recessed fixtures when
required by the fixture term nal operating tenperature, and fixtures shal
be readily renpovabl e for access to the boxes unl ess ceiling access panels
are provided.

3.3.4 Installation in Overhead Spaces

I n open overhead spaces, cast-netal boxes threaded to raceways need not be
separately supported except where used for fixture support; cast-netal
boxes having threadl ess connectors and sheet netal boxes shall be supported
directly fromthe building structure or by bar hangers. Hangers shall not
be fastened to or supported fromjoist bridging. Were bar hangers are
used, the bar shall be attached to raceways on opposite sides of the box
and the raceway shall be supported with an approved type fastener not nore
than 24 inches fromthe box.
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3.4 DEVI CE PLATES

One- pi ece type device plates shall be provided for all outlets and
fittings. Plates shall be of satin finish corrosion resistant stee
Screws shall be of metal with countersunk heads, in a color to match the
finish of the plate. Plates shall be installed with all four edges in
continuous contact with finished wall surfaces without the use of nats or

simlar devices. Plaster fillings will not be permitted. Plates shall be
installed with an alignnent tolerance of 1/16 inch. The use of
sectional -type device plates will not be permitted. Plates installed in

wet | ocations shall be gasketed and provided with a hinged, gasketed cover,
unl ess ot herw se specifi ed.

3.5 RECEPTACLES
3.5.1 Dupl ex, 15-anpere, 125 volt

Dupl ex receptacles shall be rated 15 anperes, 125 volts, two-pole,
three-wire, grounding type with polarized parallel slots. Bodies shall be
of gray to match color of switch handles in the same roomor to harnonize
with the color of the respective wall, and supported by nounting strap
havi ng plaster ears. Contact arrangenent shall be such that contact is
nmade on two sides of an inserted blade. Receptacle shall be side- or
back-wired with two screws per terminal. The third grounding pole shall be
connected to the netal mounting yoke. Receptacles with ground fault
circuit interrupters shall have the current rating as indicated, and shal
be UL Class A type unless otherwise showmn. Gound fault circuit protection
shal | be provided as required by NFPA 70 and as indicated on the draw ngs.

3.5.2 Weat her proof Applications

Weat her proof receptacles shall be suitable for the environnent, wet as
appl i cabl e, and the housings shall be labeled to identify the allowable
use. Receptacles shall be marked in accordance with UL 514A for the type
of use indicated; "Wet Locations". Assenblies shall be installed in
accordance with the nmanufacturer's recomendati ons.

3.5.2.1 Wet Locati ons

Receptacles in wet |ocations shall be installed in an assenbly rated for
such use whether the plug is inserted or wthdrawn, unless otherw se
indicated. In a duplex installation, the receptacle cover shall be
configured to shield the connecti ons whether one or both receptacles are in
use.

3.6  WALL SW TCHES

Wal | switches shall be of the totally enclosed tunbler type. The wal
switch handl e and switch plate color shall be gray. Wring term nals shal
be of the screw type or of the solderless pressure type having suitable
conductor-rel ease arrangenent. Not nore than one switch shall be installed
in a single-gang position. Swtches shall be rated 15-anpere 277-volt for
use on alternating current only.

3.7 FUSES

Equi pnent provi ded under this contract shall be provided with a conplete
set of properly rated fuses when the equi pnent manufacturer utilize fuses
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in the manufacture of the equipment, or if current-limting fuses are
required to be installed to limt the anmpere-interrupting capacity of
circuit breakers or equipnent to | ess than the maxi num avail abl e fault
current at the location of the equipnment to be installed. Fuses shall have
a voltage rating of not |ess than the phase-to-phase circuit voltage, and
shal | have the tine-current characteristics required for effective power
system coordi nation. Tinme-delay and non-tine-delay options shall be as
speci fi ed.

3.7. 1 Cartridge Fuses; Current-Limting Type

Cartridge fuses, current-limting type, Cass RKl shall have tested
interrupting capacity not |ess than 100,000 anperes. Fuse hol ders shall be
the type that will reject all Cass H fuses.

3.7.2 Mdtor and Transformer Circuit Fuses

Motor, notor controller, transfornmer, and inductive circuit fuses shall be
Class RK1 or RK5, current-linmiting, tine-delay with 200, 000 anperes
interrupting capacity.

3.8 MOTORS

Each notor shall conformto the hp and voltage ratings indicated, and shal
have a service factor and other characteristics that are essential to the
proper application and performance of the motors under conditions shown or
specified. Unless otherw se specified, all motors shall have open frames,
and continuous-duty classification based on a 40 degree C anbi ent
tenmperature reference. Polyphase notors shall be squirrel-cage type,
havi ng nornmal -starting-torque and | owstarting-current characteristics,

unl ess other characteristics are specified in other sections of these

speci fications or shown on contract draw ngs. The Contractor shall be
responsi ble for selecting the actual horsepower ratings and ot her notor
requi rements necessary for the applications indicated. Wen electrically
driven equi pnment furni shed under other sections of these specifications
materially differs fromthe design, the Contractor shall nake the necessary
adjustrments to the wiring, disconnect devices and branch-circuit protection
to accommodat e the equi pnent actually installed.

3.9 MOTOR CONTROL

Each notor or group of notors requiring a single control shall be provided
under other sections of these specifications with a suitable controller and
devices that will performthe functions as specified for the respective
nmotors. Each notor of 1/8 hp or larger shall be provided with

thermal -overl oad protection. Polyphase notors shall have overl oad
protection in each ungrounded conductor. The overl oad-protection device
shal |l be provided either integral with the notor or controller. Unless

ot herwi se specified, the protective device shall be of the manually reset

type.
3.9.1 Reduced- Vol tage Starters

Reduced-vol tage starters shall be provided for pol yphase notors 20 hp or
| arger.

3.9.2 Mot or Control Centers

Control centers shall be indoor type and shall contain conbination starters
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and ot her equi pnent as indicated. Each control center shall be nounted on
floor sills or mounting channels. Each circuit shall have a suitable

| am nated plastic nameplate with white cut letters. Conbination starters
shal |l be provided with circuit breakers. Mtor control centers shall be
provided with a full-1ength ground bus bar.

3.9.3 Cont act s

Unl ess otherw se indicated, contacts in niscellaneous control devices such
as float switches, pressure switches, and auxiliary relays shall have
current and voltage ratings in accordance with NEMA ICS 2 for rating

desi gnati on B300.

3.10 MOTOR- DI SCONNECT MEANS

Each notor shall be provided with a di sconnecti ng neans when required by
NFPA 70 even though not indicated. Sw tches shall disconnect al
ungr ounded conduct ors.

3.11 LI GHTI NG FI XTURES, LAMPS AND BALLASTS

Thi s paragraph shall cover the installation of lanps, lighting fixtures and
ballasts in interior or building nounted applications.

3.11.1 Lanps

Lanps of the type, wattage, and voltage rating indicated shall be delivered
to the project in the original cartons and installed just prior to project
conpletion. Lanps installed and used for working light during construction
shal |l be replaced prior to turnover to the Governnent if nore than 15% of
their rated life has been used. Lanps shall be tested for proper operation
prior to turn-over and shall be replaced if necessary with new | amps from
the original manufacturer. 10% spare |anmps of each type, fromthe origina
manuf acturer, shall be provided.

3.11.2 Li ghting Fixtures

Fi xtures shall be as shown and shall conformto the follow ng
specifications and shall be as detailed on the drawings. [Illustrations
shown on the drawi ngs are indicative of the general type desired and are
not intended to restrict selection to fixtures of any particul ar
manufacturer. Fixtures of simlar designs and equi val ent energy
efficiency, light distribution and brightness characteristics, and of equa
finish and quality will be acceptable if approved. In suspended acoustica
ceilings with fluorescent fixtures, the fluorescent energency |ight
fixtures shall be furnished with self-contained battery packs.

3.11.2. 1 Accessori es

Accessories such as straps, nounting plates, nipples, or brackets shall be
provi ded for proper installation.

3.11.2.2 Ceiling Fixtures

Ceiling fixtures shall be coordinated with and suitable for installation
in, on or fromthe ceiling as shown. Installation and support of fixtures
shal |l be in accordance with NFPA 70 and nmanufacturer's recomrendati ons.
Where seismic requirenents are specified herein, fixtures shall be
supported as shown or specified. Surface-mounted fixtures shall be
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suitable for fastening to the ceiling panel structural supports. Fixtures
in continuous rows shall have internal w reway systens for end to end
wiring and shall be properly aligned to provide a straight and conti nuous
row without bends, gaps, light |eaks or filler pieces.

3.11.2.3 Fi xtures for Installation in Gid Type Ceilings

Work above the ceiling shall be coordinated anbng the trades to provide the
lighting |ayout shown. Fixtures in continuous rows shall be coordinated
bet ween trades prior to ordering. Fixtures shall be nounted using

i ndependent supports capabl e of supporting the entire weight of the
fixture. No fixture shall rest solely on the ceiling grid. Recessed
fixtures installed in seismc areas should be installed utilizing specially
designed seismic clips. Junction boxes shall be supported at four points.

3.11.2. 4 Suspended Fi xtures

Suspended fixtures shall be provided with swivel hangers or hand-straights
so that they hang plunmb. Pendants, rods, or chains 4 feet or |onger
excluding fixture shall be braced to prevent swaying using three cabl es at
120 degrees of separation. Steel fixtures shall be supported to prevent
"oil-canning" effects. Fixture finishes shall be free of scratches, nicks,
dents, and warps, and shall match the color and gl oss specified. Pendants
shall be finished to match fixtures.

Suspended fixtures installed in seisnic areas shall have 45% sw vel hangers
and shall be |l ocated with no obstructions within the 45%range in all
directions. The stem canopy and fixture shall be capable of 45% sw ng.

3.12 EQUI PMENT CONNECTI ONS

Wring not furnished and installed under other sections of the
specifications for the connection of electrical equipnent as indicated on
the draw ngs shall be furnished and installed under this section of the
specifications. Connections shall conply with the applicable requirenents
of paragraph W RING METHODS. Flexible conduits 6 feet or less in length
shall be provided to all electrical equi prment subject to periodic renoval,
vi bration, or nmovenent and for all motors. Al motors shall be provided

wi th separate groundi ng conductors. Liquid-tight conduits shall be used in
danp or wet | ocations.

3.12.1 Motors and Mbtor Contro

Mot ors, notor controls, and nmobtor control centers shall be installed in
accordance with NFPA 70, the manufacturer's reconmrendati ons, and as
indicated. Wring shall be extended to notors, nmotor controls, and notor
control centers and term nated.

3.13 Cl RCU T PROTECTI VE DEVI CES
The Contractor shall calibrate, adjust, set and test each new adjustable
circuit protective device to ensure that they will function properly prior
to the initial energization of the new power system under actual operating
condi tions.

3.14 PAI NTI NG AND FI NI SHI NG
Fi el d-applied paint on exposed surfaces shall be provided under Section
09900 PAI NTS AND COATI NGS.
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3.

15 REPAI R OF EXI STI NG WORK

The work shall be carefully laid out in advance, and where cutting,
channel ing, chasing, or drilling of floors, walls, partitions, ceiling, or
other surfaces is necessary for the proper installation, support, or
anchorage of the conduit, raceways, or other electrical work, this work
shal |l be carefully done, and any danmage to buil di ng, piping, or equipnent
shal |l be repaired by skilled mechanics of the trades involved at no

addi tional cost to the Governnent.

.16 FI ELD TESTI NG

Field testing shall be perfornmed in the presence of the Contracting
Oficer. The Contractor shall notify the Contracting O ficer 20 days prior
to conducting tests. The Contractor shall furnish all materials, |abor,
and equi pnent necessary to conduct field tests. The Contractor shal
performall tests and inspection recommended by the manufacturer unless
specifically wai ved by the Contracting Officer. The Contractor shal
maintain a witten record of all tests which includes date, test performed,
personnel invol ved, devices tested, serial nunmber and nane of test

equi pnent, and test results. Al field test reports will be signed and
dated by the Contractor.

.16.1 Saf ety

The Contractor shall provide and use safety devices such as rubber gl oves,

protective barriers, and danger signs to protect and warn personnel in the
test vicinity. The Contractor shall replace any devices or equi prent which
are danmaged due to inproper test procedures or handling.

.16.2 G ound- Resi stance Tests

The resistance of each groundi ng el ectrode and each groundi ng el ectrode
system shall be neasured using the fall-of-potential nethod defined in | EEE
Std 81. Soil resistivity in the area of the grid shall be neasured
concurrently with the grid measurenents. G ound resistance nmeasurements
shal | be nade before the electrical distribution systemis energized and
shall be nade in normally dry conditions not |ess than 48 hours after the
last rainfall. Resistance neasurenents of separate groundi ng el ectrode
systens shall be nade before the systens are bonded together bel ow grade.
The conbi ned resi stance of separate systens nmay be used to neet the
required resistance, but the specified nunber of el ectrodes nust still be
provi ded.

a. Single rod electrode - 25 ohns.

b. Electrode System- 25 ohns.

.16.3 Ground-Gid Connection |Inspection

Al'l bel owgrade ground-grid connections will be visually inspected by the
Contracting O ficer before backfilling. The Contractor shall notify the
Contracting O ficer 48 hours before the site is ready for inspection.

.16. 4 Cabl e Tests

The Contractor shall be responsible for identifying all equi pnent and
devi ces that could be danmaged by application of the test voltage and
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ensuring that they have been properly disconnected prior to performng
insul ation resistance testing. An insulation resistance test shall be
performed on all |ow voltage cables after the cables are installed in their
final configuration and prior to energization. The test voltage shall be
500 volts DC applied for one mnute between each conductor and ground and
bet ween al |l possi bl e conbinati ons of conductors. The m ni num val ue of

resi stance shall be:

R in negohns = (rated voltage in kV + 1) x 1000/ (length of cable in feet)

Each cable failing this test shall be repaired or replaced. The repaired
cable systemshall then be retested until failures have been elininated.

3.16.4.1 Low Vol tage Cabl e Tests
a. Continuity test.
b. Insulation resistance test.
3.16.5 Mot or Tests
a. Phase rotation test to ensure proper directions.
b. Operation and sequence of reduced voltage starters.
c. High potential test on each wi nding to ground.
d. Insulation resistance of each wi nding to ground.
e. Vibration test.
f. Dielectric absorption test on notor and starter
3.16.6 Crcuit Breaker Tests
The following field tests shall be performed on circuit breakers.
3.16.6.1 Circuit Breakers, Mol ded Case
a. Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance test phase-to-ground, each phase.
c. Cosed breaker contact resistance test.
d. Manual operation of the breaker
3.16.7 Mot or Control Centers
a. Insulation resistance test phase-to-phase, all conbinations.
b. Insulation resistance test phase-to-ground, each phase.
c. Manual and electrical operational tests.
3.17 OPERATI NG TESTS
After the installation is conpleted, and at such tinme as the Contracting

Oficer may direct, the Contractor shall conduct operating tests for
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approval . The equi pnent shall be denobnstrated to operate in accordance
with the specified requirenents. An operating test report shall be
submitted in accordance with paragraph FI ELD TEST REPORTS.

.18 FI ELD SERVI CE
.18.1 Onsite Training

The Contractor shall conduct a training course for the operating staff as
designated by the Contracting Oficer. The training period shall consist
of a total of 16 hours of normal working tine and shall start after the
systemis functionally conpleted but prior to final acceptance tests. The
course instruction shall cover pertinent points involved in operating,
starting, stopping, servicing the equipnment, as well as all major el enents
of the operation and mai ntenance manuals. Additionally, the course
instructions shall denpnstrate all routine maintenance operations.

.19  ACCEPTANCE
Fi nal acceptance of the facility will not be given until the Contractor has
successfully completed all tests and after all defects in installation,

materi al or operation have been corrected.

-- End of Section --

SECTI ON 16415 Page 33 R0002



This page isintentionally left blank.



	Amendment Narrative
	00800    Special Clauses
	01312    QUALITY CONTROL SYSTEM (QCS)
	15060    PIPE, MANUAL VALVES, AND FITTINGS, FUELING SYSTEM
	16415    ELECTRICAL WORK, INTERIOR



